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銀行業資訊科技支出之價值攸關性

Valuation Implication of Information Technology Expenditures in 
the Banking Industry

摘 要

現存文獻鮮少發現資訊科技支出對銀行業的正面效益，然不少銀行業公司卻仍舊維持
高額的資訊科技支出，並明確指稱資訊科技支出有助於維持及擴展長期之客戶關係或
營運品質。運用 Ohlson (1995) 模型，本研究結果指出：(1)資訊科技支出顯著且正向地
影響銀行的市場價值，即資訊科技支出具有價值攸關性。(2)銀行的資訊科技支出水準
對於盈餘乘數有正向的影響，亦即可提升盈餘持續性。本研究的貢獻為：(1)提供過去
文獻未直接發現的資訊科技支出對銀行業價值攸關性之正面證據。(2)藉由瞭解資訊科
技支出在改善盈餘持續性上的角色，使管理階層的決策品質進一步提升。

【關鍵字】 資訊科技、價值攸關性、盈餘持續性

Abstract

Information technology (IT) expenditure has been regarded as critical in maintaining the 
competitiveness in the banking industry. However, existing literatures fail to document 
consistent evidence on the positive effect of IT expenditures on banks’ productivity 
measures. This study is among the few that explore the valuation implication of IT 
expenditures based on U.S. banks. By utilizing the Ohlson (1995) model, our results indicate 
that: (1) IT expenditures are significantly and positively related to market values, suggesting 
that they are value-relevant; (2) IT intensity has positive impacts on earnings’ multipliers 
(i.e., the persistence of earnings). Overall, this paper contributes to the literature by 
demonstrating the value relevance of IT expenditures for banks, an issue that few prior 
studies have addressed. Additionally, the quality of the management’s decision-making is 
enhanced by ascertaining the critical role of IT expenditures in improving the earnings’ 
persistence.
【Keywords】information technology, value relevance, earnings’ persistence 
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1. Introduction
In recent decades, the global economy has been buffeted by revolutionary economic 

storms. The economy has moved from leveraging physical and financial resources to 
leveraging human and intellectual resources. In this so-called knowledge era, information 
technology (IT) plays a critical role in summarizing data, creating and exchanging 
information, identifying and analyzing problems, and facilitating the creation and sharing of 
valuable knowledge among business organizations (Santos and Sussman, 2000; Sher and 
Lee, 2004). In particular, IT has been regarded as one of the most crucial factors underlying 
the dynamics in the banking industry structure and performance. Banks have invested 
substantial resources in IT, but existing literatures find inconsistent evidence on associations 
between IT spending and performance measures in the banking industry (Council of 
Economic Advisers, 2001; Beccalli, 2007; Martin-Oliver and Salas-Fumás, 2008). 

Motivated by the inconsistency between banks’ heavy IT expenditures and the lack of 
supportive empirical evidence on the positive benefits, we examine the role of IT 
expenditure in the value creation for banks from the market valuation perspective. More 
specifically, we argue that when contemporaneous accounting and productivity measures are 
used, several potential problems emerge. First, both measures are unable to fully incorporate 
benefits that have not been transformed into “physical” inflows, such as customer 
satisfaction or firms’ brand names. Second, it may take some time for the positive effects of 
IT expenditure to be realized. In other words, there may be time lags between increased IT 
spending and realized return-on-investment. Hence, to examine the performance effect of IT, 
using a measure that can anticipate and incorporate long-term or intangible economic 
benefits is necessary. Since the market value is characterized by reflecting all value-relevant 
information (Ohlson, 1995; Barth, Beaver, and Landsman, 2001), this study evaluates the 
performance effect of IT expenditure for banks from the market valuation perspective. 
Specifically, based on annual data from U.S. banks1 during the 2001-2010 periods and 
applying the Ohlson model2, our major findings are: (1) IT expenditures are significantly and 

1 We choose U.S. data because U.S. market is regarded as the most efficient market in the world, and details on 
IT expenditures are rarely systematically disclosed by firms in the rest of the world.

2 Ohlson (1995) model is one of the most extensively utilized empirical models in the accounting literature 
when examining the performance effect of certain events or expenditures. Bernard (1995) and Scott (2007) 
mentioned that the Ohlson (1995) model shows how the market value of the firm can be expressed in terms of 
fundamental balance sheet and income statement components instead of the net present value of firm’s future 
cash inflows. The model assumes ideal conditions in capital markets, including dividend irrelevancy. This 
model is also called the residual income model. The Ohlson (1995) model can be applied to value the firm at 
any point in time for which financial statements are available. Because the Ohlson (1995) model circumvents 
the estimation of a firm’s future cash flows, plenty of accounting literature uses this model to test the value 
relevance of financial statement items. We choose it as a tool to value the IT expenditure in this paper.
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positively related to market values, suggesting that they are value relevant; (2) the level of IT 
expenditures (i.e., the IT intensity) has positive impacts on a bank’s earnings’ multiplier, 
implying that it contributes to an enhanced persistence of earnings. 

This study contributes to the literature in the following ways. First, it is among the few 
that provide direct evidence on the positive effect of IT expenditures on banks’ market 
values. Second, such results may have implications for investors and banking practitioners. 
For one thing, capital market participants may be more informed about the long-term 
competitiveness of a bank from its IT spending. For another, banking practitioners who are 
in pursuit of improving intangible marketing activities (such as customer relations, product 
promotion, branding activities, public relations, and advertising), and sustaining long-term 
success should make consistent and considerable IT expenditures.

The rest of the paper proceeds as follows. The next section provides a brief discussion 
of related studies and develops the hypotheses. Section 3 describes the data, variables, and 
empirical models. Section 4 discusses our main empirical results and provides the 
supplemental analyses, and Section 5 offers a summary and concluding remarks.

2. Literature Review and Hypotheses Development
Over the past decades, IT has gradually become one of the prime generators to build a 

firms’ competitiveness. The rapid advancement in IT has been applied by most of the firms 
around the world to save labor costs and to incorporate the information flow among internal 
segments or external business partners. Particularly, IT has played a critical role in sustaining 
viability for the banking industry, and almost all the top banks emphasize that IT is the key to 
their success. For example, American Express states in its 2010 annual report that investing 
heavily and consistently in IT is crucial for the bank to remain competitive.3 The Bancorp 
Inc. similarly indicates that IT capability is indispensable to meet the needs of its customers 

3 “We continue to make significant expenditures, both in the United States and internationally, in our Card 
systems and infrastructure to allow faster introduction and greater customization of products … Our 
industry is subject to rapid and significant technological changes. In order to compete in our industry, we 
need to continue to invest in business processes and technology advances across all areas of business, 
including transaction processing, data management, customer interactions and communications, prepaid 
products, alternative payment mechanisms and risk management and compliance systems…” excerpted 
from the 10-K of American Express for 2010.
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in the 2008 annual report.4 Correspondingly, the IT expenditure has been one of the major 
items in banks’ non-interest operating expenses, and some leading banks regularly invest 
considerable amounts of money in IT-related spending. 

In contrast to the practical observation of the importance of IT spending, academic 
literature does not provide consistent evidence on the correlation between IT spending and 
firm performance. Although some studies argue that investing in IT enhances profitability 
(e.g., Barua, Kriebel, and Mukhopadhyay, 1995; Dewan and Kraemer, 2000; Krishnan and 
Sriram, 2000), others postulate that increasing IT spending poses a considerable financial 
burden and may, ultimately, impair profitability (Loveman, 1994; Brynjolfsson and Hitt, 
1996; Clegg, Axtell, Damodaran, Farbey, Hull, Lloyd-Jones, Nicholls, Sell, and Tomlinson, 
1997). For example, using a sample of 737 European banks over the period of 1995–2000, 
Beccalli (2007) analyzes whether IT expenditure leads to improved performance, which is 
measured using both standard accounting ratios and cost-profit efficiency measures. Her 
empirical results indicate little relationship between total IT expenditure and improved bank 
profitability or efficiency.5

Martin-Oliver and Salas-Fumás (2008) additionally assess whether increased IT 
expenditure contributes to improved productivity measures in banks. Following conventional 
production specification, IT capital, along with other inputs6, is used as an independent 
variable to explain the dependent (output) variables (i.e., the natural log of the sum of loans 
and deposits). Their results indicate that IT capital is positively and significantly related to 
the output measures; specifically, the increase in the stock of IT capital explains one-third of 
that of the sum of loans and deposits. However, they fail to find supporting evidence when 

4 “Both the Internet and the financial services industry are undergoing rapid technological changes, with 
frequent introduction of new technology-driven products and services. In addition to improving the ability 
to serve customers, the effective use of technology increases efficiency and enables financial institutions 
to reduce costs. Our ability to compete will depend, in part, upon our ability to address the needs of our 
customers by using technology to provide products and services that will satisfy customer demands. 
Many of our competitors have substantially greater resources to invest in technological improvements…” 
excerpted from the 2008 Form 10-K of the Bancorp, Inc.

5 In an attempt to identify any positive impact, Beccalli (2007) further suggests that greater emphasis 
should be placed on the nature of different types of IT expenditures, rather than treating them as a 
generality. Hence, three categories of IT expenditures (to test for any difference in their association with 
profitability measures) are defined: computer hardware (HA), software (SO), and services (SE). Her 
results show that the sign on the hardware and software expenditure is statistically negative, whereas the 
coefficient on IT services is positive. It is suggested that the opportunities related to expenditures in 
hardware and software can only be fully exploited when acquired together with external IT services.

6 These control input variables include labor capital, physical capital, and the number of bank branches.
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they test the impact of IT on the demand of deposits (and loans). Thus, their conclusion is 
that IT capital does not appear to earn extraordinary profit or loss. In other words, it is not a 
value-enhancing input.

Summarizing what has been documented from Beccalli (2007) and Martin-Oliver and 
Salas-Fumás (2008), one puzzling question emerges: Why would banks continue to spend so 
much money on IT and emphasize the crucial role of IT in improving their performance 
while academic literature provides the opposite or mixed evidence? In this paper, we suggest 
that the choice of dependent variables in previous studies serves as one possible explanation 
for the failure to find the positive impact of IT expenditure on banks’ performance. More 
specifically, when contemporaneous accounting and productivity measures are used, two 
potential problems emerge. First, such measures are not able to fully incorporate IT benefits 
that have not been transformed into “physical” inflows, such as customer satisfaction. 
Second, it may take some time for the positive effects of IT expenditure to be realized. For 
example, assume that a bank adopts one advanced and user-friendly platform for its Internet 
banking service in Year 1. It may cost a lot at the introduction stage, including IT consulting 
fees and up-front development spending. The increased IT spending may last for two or three 
years, whereas the benefits may not begin to emerge until the third or fourth year. That is, 
customers need time to get acquainted with an upgraded platform before increasing their 
consumption. If the platform can replace some labor costs, it is also not possible for banks to 
immediately lay off unnecessary staff. By contrast, as a bank consistently invests in its IT 
capital to meet customers’ needs and strengthen the internal processing system, the sound 
customer relationships together with reduced labor costs will be observed and appreciated by 
the capital market. In other words, it will be reflected in the bank’s market price. 
Accordingly, we assume that the market value is more appropriate as the dependent variable 
because it summarizes the expected benefits of IT spending, both physical and intangible, 
from contemporaneous to subsequent periods in a timely manner. In short, we propose the 
following hypotheses.
H1: IT expenditures are positively related to a firm’s market values.

Although IT expenditure gives rise to banks’ long-term economic benefits, it is unclear 
whether investing in IT with large amounts is a value-enhancing strategy. As mentioned 
before, banks have continued to emphasize that investing substantially greater resources in 
technological improvements than peers is critical in maintaining customers’ satisfaction (as 
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contended by Bancorp Inc. in its 2008 annual report). Though, few prior studies have 
explored this conjecture. Anderson, Banker, and Ravindran (2001) focus on the disclosure 
regarding the IT expenditure made in preparation for Y2K during 1998 and 1999, and posit 
that the firm value is affected more by the industry level of Y2K spending. They document a 
positive relation between firm value and the amount by which a firm’s Y2K spending 
exceeded the industry median level. Additionally, using a balanced scorecard (BSC) 
framework, Kim and Davidson (2004) put forward the assumption that, depending upon the 
level of IT, the relationship between IT expenditures and banks’ performance is significantly 
different. For banks that maintain a high IT level, IT expenditures appear to have increased 
market share and improved revenue and profits, while little of such an effect is observed for 
those with lower IT levels. Accordingly, we posit that IT intensity enhances the banks’ ability 
to keep up with customers’ needs in a timely manner, and hence retain a longer-duration 
customer relationship that results in a more persistent pattern of earning. Because prior 
studies indicate that a more persistent earning is usually reflected in a greater current 
earnings’ multiplier in the determination of stock price or market value (Kormendi and Lipe, 
1987; Easton and Zmijewski, 1989; Collins and Kothari, 1989), we put forward the 
following argument.
H2: IT-intensive banks are related to higher earnings multipliers.

3. Research Design
3.1 Data and Sample Description 

The sample includes all publicly-listed commercial banks for which annual data were 
available for some or all years during the period of 2001–2010. Financial data are obtained 
from COMPUSTAT, whereas IT expenditures are manually collected from Form 10-K 
reports, as they are not readily available in any database. Table 1 displays a typical disclosure 
pertaining to IT expenditures provided in banks’ Form 10-K reports. After deleting 
observations with missing values and outliers that are above or below 0.5% of the original 
sample, the final sample includes 2,952 observations.
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Table 1 An Example of IT Expenditures Disclosed by 10-K Reports
THE SAVANNAH BANCORP, INC. AND SUBSIDIARIES

Consolidated Statements of Income

($ in thousands, except per-share data)

For the Years Ended December 31

2007  2006 2005

Non-interest expense       

Salaries and employee benefits 11,846 10,852 9,530

Occupancy and equipment 3,294 2,920 2,199

Information technology 1,616 1,525 1,244

Other operating expense 4,383 4,656 3,673

Total non-interest expense 21,139 19,953 16,646

3.2 Regression Models and Variable Definitions 
Our first hypothesis aims to investigate the value relevance of IT expenditures. There 

are a number of ways to define value relevance. For example, information is value-relevant 
if it aids in the prediction of variables used in valuing the firm, or it correlates with market 
measures of firm values. We operationalize value relevance as the ability of financial 
information to explain market measures, consistent with prior research (Francis and 
Schipper, 1999; Barth, Beaver, and Landsman, 1998; Chambers, Jennings, and Thompson, 
1999). This definition assumes that market values reflect all public, value-relevant 
information and that the usefulness of accounting data is in its ability to summarize this 
information. Following numerous accounting literature, this study uses the model based on 
the work of Ohlson (1995), wherein the market value of equity can be expressed as a 
function of accounting data with relatively realistic assumptions.7
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where: 
MV

it
 = Market value of bank i at the end of year t (Compustat Annual data MKVALT)

BV
it
 =  Book value of bank i at the end of year t, i.e., total assets less total liabilities 

(Compustat Annual data AT - Compustat Annual data LT)

7 To check the robustness, we also use the market value at the end of first quarter of bank i as the dependent 
variable to ensure that the annual financial data is available to the market. All results are unaffected by 
such adjustment.
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NI
it
 = Net income of bank i for the year t (Compustat Annual data NI)

IT
it
 = Information-technology related costs of bank i for the year t

BNI
it
 =  Net income plus information-technology related costs of bank i for the year t, 

i.e., NI
it
 plus IT

it

All the above variables are deflated by lagged total assets. Model 1.1 is constructed 
based on the typical Ohlson model, in which the market value is explained by the book value 
and net income. If IT conveys relevant information about banks’ values that have not been 
reflected in book values and net incomes, b

3
 is expected to be significant and positive. In 

addition, as a supplementary test to examine whether IT expenditures are considered merely 
an “expense” or not8, in Model 1.2, the net income is further separated into net income 
before IT expenditures (BNI) and IT expenditures (IT). If b

3
 in this Model is above -1 or not 

significant, it suggests that IT expenditures may contribute to long-term economic benefits 
that exist longer than one year.9 Hence, they are not considered to be merely an expense item. 

8 In contrast to Model 1.1, Model 1.2 more directly tests the coefficient of the IT expenditure shown in the 
income statement. In other words, the expected positive coefficient of IT expenditure in Model 1.1 triggers 
a researcher’s conjecture that the accounting treatment for IT expenditure is not appropriate; otherwise, it 
should not be significant. The conjecture is further supported by the expected insignificant coefficient of IT 
expenditure in Model 1.2. The necessity of clearly ascertaining whether the market views the IT outlay as a 
merely expense lies in that (1) if the management of banks does not know that the market “correctly” 
considers only part of the IT outlay as the current expense, he (she) may make inappropriate decisions on 
IT investment for fear of impairing the market value, and that (2) the accounting standard-setters usually 
consider an accounting treatment that corresponds with the viewpoints of capital market participants to be 
appropriate, and hence the accounting literature traditionally pays attention to such issue (e.g., Aboody and 
Lev, 1998; Aboody, Barth, and Kasznik, 2004). We acknowledge that the result and inference from Model 
1.2 is partially implied by that from Model 1.1, but we wish to make more clear implications to accounting 
standards by doing so.

9 When analyzing the possible direction of the coefficient on a type of outlay that may give rise to long-run 
benefits, consider a simplified example that is based on the purchases of a pencil (costing $100) and a car 
(costing $100) in the present accounting period (say, this year). As in most cases, assume the pencil 
generates $120 cash inflows during this year, while the car generates $40 per year for the subsequent 3 
years. For simplicity, ignore discounting and the market value equals the anticipated benefits less the 
incurred outlays. So, at the end of year 1, the market value for the pencil-purchase is 120 - 100 = $20, 
while that for the car-purchase is 40 × 3 - 100 = $20. Then, in the regression, “Market value = Cash inflows 
(some form of assets) + outlays,” it can be written as “$20 = b1

 × (benefit from the pencil outlay, $120) + b
2
 

× (the pencil outlay, $100), and “$20 = b
3
 × (benefit from the car expenditure, $40) + b

4
 × (the car 

expenditure, $100). If the benefit is defined as some form of cash assets, it is more likely that b
1
 = b

3
 = 1. 

So, b
2
 = -1, and thus b

4
 = -0.2. The fundamental reason for the less negative coefficient of car expenditure 

is that the benefits generated by the car have not been fully recognized in the cash assets during the current 
period. Due to the possibility that the benefits generated by IT expenditure may not be realized until the 
subsequent periods, it is likely that no accounting earnings are recognized. But, because the market has 
anticipated (at least partially) such benefits, in the regression “Market value = Cash inflows (some form of 
assets) + IT outlays,” the coefficient of IT might be positive due to the related cash inflows possibly being 
zero. In combination, the coefficient of IT expenditure may be positive or less negative. Which possibility 
dominates is not clear, and the conflicting possibilities may also drive the coefficient to be insignificant.
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Besides, the models are estimated based on double-clustered (year and firm) standard errors 
to correct potential cross-sectional and serial correlation of the residuals and/or the 
independent variables in the panel regressions.10

To test H2, which proposes that IT-intensive banks are related to higher earnings 
multipliers, first, a proxy for IT intensity, ITD, is defined. Then, following previous studies 
that typically include the factor of interest as an interaction variable (Chiang and Mensah, 
2004; Chambers, Linsmeier, Shakespeare, and Sougiannis, 2007), the interaction term 
between ITD and NI is added to regressions as shown below.
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where 
ITD

it
 =  1 if bank i’s IT ratio is above the median among its peers during year t, whereas 

IT ratio equals IT-related expenditures divided by total operating expenses. This 
variable is the proxy for IT intensity.

According to H2, if b3 in Model 2.1 is significant and positive, it suggests that banks 
with higher IT levels (i.e., the higher IT intensity) are related to greater market values. If b3 
in Model 2.2 is significant and positive, it can be interpreted that IT intensity enhances the 
persistence of earnings. Similarly, Models 2.1 and 2.2 are estimated based on double-
clustered (year and firm) standard errors.

4. Empirical Results
This section reports the results of the descriptive statistics for all variables (Section 4.1), 

regression results, and analyses for the value relevance of IT related costs, IT intensity 
(Section 4.2), and related robustness checks for our main tests (Section 4.3).

4.1 Descriptive Statistics
The sample consists of annual data from US banks during the 2001-2010 periods, and 

10 As suggested by Petersen (2009), despite the common use of panel data sets in finance literature, there is 
a wide variation in the methods used to estimate standard errors. He indicates that the most crucial aspect 
for the computation of standard errors is the cross-sectional and serial correlation of the residuals and/or 
the independent variables in the panel regressions. He further emphasizes the importance of properly 
considering the correlations that might exist in the data, and puts forward an approach to address this 
issue. Accordingly, to rule out the potential impact from this bias on our empirical results, all regressions 
are based on the double-clustered standard errors.
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the basic statistics (including median, minimum, maximum, and standard deviations) of each 
variable are presented in Table 2. The median for banks’ market value (MV), total asset (TA), 
total liabilities (LIB), book value (BV), net income (NI), and information-technology related 
expenditures (IT) are 131.548, 1,102.812, 1,002.265, 94.297, 74.485, and 1.545 (in millions), 
while IT deflated by operating expenses (ITR) is 2.541 (in percentage), respectively. Table 3 
presents the correlation matrix and statistical significance among variables used in our 
empirical models. The Pearson’s correlations between market values and book values, net 
incomes, and net incomes before IT expenditures have all predicted positive signs. In 
addition, the positive correlations between market values and IT or NI × ITD provide 
preliminary support for our hypotheses.

Table 2 Descriptive Statistics
MV TA LIB BV NI IT ITR

Min 0.173 43.549 37.433 -38.68091 -3094.179 0.014 0.002

Median 131.548 1102.812 1002.265 94.297 7.4485 1.545 2.541

Max 238020.7 2264909 2036661 231444 211133 744 37.252

SD 11710.82 97768.5 88634.69 9203.758 879.0878 48.75564 2.409

MV = market value; TA = total asset; LIB = total liability; BV = book value; NI = net income; IT = 
information-technology related expenditures; ITR = IT/total operating expenditures. ITR are 
presented in percentage and others are in millions.

Table 3 Correlation Matrix
MV BV NI BNI IT ITD NI ×ITD

MV 1.000

BV
0.465***

(0.000)
1.000***

NI
0.593***

(0.000)
0.305***

(0.000)
1.000***

BNI
0.592***

(0.000)
0.302***

(0.000)
0.993***

(0.000)
1.000

IT
0.043***

(0.005)
-0.003
(0.151)

0.019
(0.200)

0.133**
(0.050)

1.000

ITD
0.119***

(0.009)
0.074

(0.110)
0.151

(0.122)
0.211

(0.120)
0.536***

(0.000)
1.000

NI ×ITD
0.444***

(0.001)
0.169***

(0.001)
0.492***

(0.001)
0.519***

(0.001)
0.273***

(0.001)
0.553***

(0.000)
1.000

a: MV = market value; BV = book value; NI = net income; IT = information-technology related 
expenditures; BNI = NI plus IT, all are deflated by lagged total assets; ITD = 1 if ITR > the median 
value in a specific year where ITR = IT/total operating expenses. 

b: p values are presented in parentheses. *: p < 0.10 ; **: p < 0.05; ***: p < 0.01.
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4.2 Regression Results and Analyses
As a comparison with the results of Beccalli (2007), we first examine the influence of 

IT expenditure on banks’ profitability.11 As mentioned in Section 2, the failure of Beccalli 
(2007) to find the positive effect of IT expenditure may be due to inappropriate specification. 
We subsequently follow Shalev (2009), Bauwhede (2009), and Brown and Caylor (2009) to 
make some modifications to the empirical models of Beccalli (2007).12 Specifically, one-
year-ahead profitability measures (return on assets, denoted as ROA; return on equities, 
denoted as ROE) are regressed on current profitability, IT intensity, and two control variables 
(the natural log of market value and debt ratio). The results are displayed in Table 4. As 
shown in Column (1), IT intensity is positively and significantly related to the one-year-
ahead ROA; the coefficient is 0.003 while p value is 0.000. Similarly, in Column (2), the 
coefficient on IT intensity is 0.039 (p = 0.000), even after controlling for the effect of size 
(LNMV) and leverage (DER). Taken together, the results in Table 4 demonstrate that firms 
investing high amount of IT expenditures enjoy greater profitability and provide preliminary 
support for our conjecture that IT expenditures play a critical role in value creation.

11 Barely any study examined the influence of IT expenditure on banks’ profitability in the U.S. banking 
industry. Hence, we preliminarily test the association between the above two items in this paper. 

12 Even though Beccalli (2007) states in the footnote that she also uses ROA in subsequent periods as the 
dependent variable, that paper fails to control for the influence of current ROA and other determinants 
(i.e., the specification is deficient to some degree). In the typical specification applied in accounting 
literatures (e.g., Shalev, 2009; Bauwhede, 2009; Brown and Caylor, 2009), which uses profitability 
measures (e.g., ROA and ROE) as the dependent variable, not only the independent variable of interest 
but also current profitability, proxies for size effect (usually the natural log of market values) and for 
leverage (usually the debt ratios) are included, so we follow this specification.
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Table 4 Regression for the Influence of IT Expenditures on Banks’ Profitability
(1) (2)

Dependent Var. ROAi,t+1 ROEi,t+1

ITDit

0.003***
(0.001)

0.039***
(0.002)

ROAit

0.432***
(0.002)

(2)

ROEit

0.799***
(0.003)

LNMVit

0.001***
(0.000)

0.013***
(0.000)

DERit

-0.095***
(0.000)

-2.030***
(0.000)

Intercept
0.081***

(0.000)
1.742***

(0.000)

Adj-R2 47.57% 49.33%

No. of obs. 2,952 2,952

a: All coefficients and p values are estimated based on double-clustered (year and firm) standard 
errors. ROA = return on assets; ROE = return on equities; ITD = 1 if ITR > the median value in a 
specific year where ITR = Information-technology related expenditures/total operating expenses. 
LNMV = the natural log of market values; DER = the ratio of total debts to total assets. 

b: p values are presented in parentheses. *: p < 0.10; **: p < 0.05; ***: p < 0.01.

Table 5 presents the results from the four regressions (Model 1.1, Model 1.2, Model 2.1, 
and Model 2.2), which are estimated based on double-clustered (year and firm) standard 
errors. In Column (1), we find the IT related costs (IT

it
) to have the expected positive sign 

(coefficient = 2.034) and to be statistically significant (p = 0.001), consistent with H1. 
According to the logic of the Ohlson model, the result indicates that IT related costs are 
value-increasing or highly correlated with other value-relevant information.13 Column (2) 
reports the result based on Model 1.2 in which net income is separated into two parts: net 
income excluding IT costs and IT costs. If IT related costs are considered as merely an 

13 Some studies include dividends as one of the explanatory variables when applying the Ohlson (1995) 
model, such as Cahan, Courtenay, Gronnewoller, and Upton (2000). Therefore, we include dividends as 
additional variables in all of our regressions that use the market value as the dependent variable. The 
results show that dividends (DV) are negative and significant (which is similar to the results documented 
in Cahan et al., 2000), while the coefficients and significance of IT related variables are not materially 
affected.
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expense item, the coefficient of IT related costs in Model 1.2 should be significantly 
negative. As shown, the coefficient of IT related costs (IT

it
) is insignificant (coefficient = 

0.157, while p = 0.427), consistent with the benefits of IT not being fully reflected in present 
accounting profits. Taken together, the above empirical results support H1, which states that 
IT expenditures are value relevant from the market valuation perspective. Meanwhile, such 
evidence appears to be stark contrast with results from Beccalli (2007) and Martin-Oliver 
and Salas-Fumás (2008) who have failed to find the value-increasing role of IT spending, 
and reinforce the necessity of using market-based measures when examining the value 
implications of such outlays.

The results based on regressions for testing the effect of IT intensity, are presented in 
Columns (3) and (4) in Table 5. In Column (3), ITDit

 is not significant (coefficient = 0.002, 
and p = 0.200), while in Column (4), the interaction term NI

it
×ITD

it
 is positive and 

significant (coefficient = 2.191, and p = 0.002).14 Therefore, it appears that IT intensity does 
not affect firms’ market values directly. Instead, the result is consistent with investing heavily 
in IT improves banks’ ability to expand the market share and retain long-term customer 
relationship, ultimately leading to more persistent earnings, supporting the prediction of H2. 
Also, it can be interpreted that we provide more direct evidence regarding the benefits of 
heavy IT investment by focusing on the net effect of such outlay on the ultimate market-
based financial measures, compared to prior findings in Kim and Davidson (2004) that 
demonstrated only the increase in non-financial measures (e.g., market shares) or the gross 
amount of performance (e.g., revenues).

14 The coefficient of ITD
it
 turns out to be negative while NI

it
×ITD

it
 is positive, suggesting that the benefit of 

improved earnings persistence from investing heavily in IT may be accompanied by considerable 
financial burden, and hence impairs the market value to some extent, similar to what has been claimed by 
some prior studies (Loveman, 1994; Brynjofsson and Hitt, 1996; Clegg et al., 1997). However, because 
the coefficient of NI

it
×ITD

it
 is greater than that of ITDit (in absolute values), the net effect of investing 

heavily in IT is more likely to be positive.
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Table 5 The Value Relevance of IT Expenditure and Intensity
(1) Model 1.1 (2) Model 1.2 (3) Model 2.1 (4) Model 2.2

Dependent Var. MVit MVit MVit MVit

ITit

2.034***
(0.001)

0.157
(0.661)

BVit

0.906***
(0.000)

0.906***
(0.000)

0.905***
(0.000)

0.895***
(0.000)

NIit

1.878***
(0.000)

1.870***
(0.000)

1.414***
(0.000)

BNIit

1.877***
(0.000)

ITDit×NIit

2.191***
(0.002)

ITDit

0.002
(0.200)

-0.015**
(0.011)

Intercept
0.050***

(0.000)
0.050***

(0.001)
0.053***

(0.000)
0.056***

(0.000)

Adj-R2 60.80% 60.80% 60.73% 62.67%

No. of obs. 2,952 2,952 2,952 2,952

a: All coefficients and p values are estimated based on double-clustered (year and firm) standard 
errors. Refer to Tables 3 and 4 for variable definitions.

b: p values are presented in parentheses. *: p < 0.10; **: p < 0.05; ***: p < 0.01.

4.3 Robustness Checks
We apply another specification to evaluate the ability of IT intensity in improving 

earnings’ persistence. In Table 6, one-year-ahead ROA (ROE, or Net income) is regressed on 
the current IT intensity, current ROA (ROE, or Net income), and the related interaction 
terms.15 As shown, in Column (1), the coefficient of the interaction term between IT intensity 
and current ROA (ITD

it
×ROA

it
) is positive and significant (coefficient = 0.006 and p = 

0.000). Similarly, in Columns (2) and (3), both ITD
it
 × ROE

it
 and ITD

it
 × NI

it
 are significantly 

positive (p < 0.001). Hence, this additional test further reveals that firms can improve the 
persistence of their earnings by allocating more resources to IT infrastructures.

Some may argue that the effect of IT expenditures on performance measures should be 
non-linear. Such conjecture is reasonable because the IT spending may be considerable in 
certain cases. Therefore, following prior studies that focus on the non-linearity of a certain 
variable (Belderbos, Carree, Diederen, Lokshin, and Veugelers, 2004; Davis, Soo, and 
Trompeter, 2009), the squared terms of IT related variables are added to our original 
regressions, and the results are reported in Table 7. In Column (1) where the one-year-ahead 

15 The specification is adopted from Gu (2005). 
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ROA is the dependent variable, the coefficient of IT intensity (ITD
it
) is positive (0.004) and 

significant (p = 0.000), while that of the squared term (ITD
it
 × ITD

it
) is negative (-0.061) and 

marginally significant (p = 0.090). In Column (2) where the market value serves as the 
dependent variable, the coefficient of IT expenditure (IT

it
) is positive (2.134) and significant 

(p = 0.000), while that of the squared term (IT
it
 × IT

it
) is negative (-1.009) and marginally 

significant (p = 0.094). In brief, controlling for the effect of non-linearity, IT expenditure and 
its intensity still significantly and positively relate to value creation and profitability. 
Though, the negative coefficients of the squared IT terms also suggest that extremely high IT 
expenditures may be risky, and hence impair the banks’ profitability. While the underlying 
reason is unclear, it may be worth researching for future studies.

Lastly, to further ascertain whether the economic benefits of IT will be gradually 
realized over time, we also use mean (ROA

t+1
, ROA

t+2
), mean (ROA

t+1
, ROA

t+2
, ROA

t+3
), 

mean (ROA
t+1

, ROA
t+2

, ROA
t+3

, ROA
t+4

), and mean (ROA
t+1

, ROA
t+2

, ROA
t+3

, ROA
t+4

, ROA
t+5

) 
as the dependent variables, respectively. Results are presented in Table 8, which show that all 
the coefficients of ITt remain significantly positive (all p < 0.05), and hence, the conjecture 
that IT expenditure contributes to long-term economic benefits is further supported.

Table 6 Robustness Checks for the Impact of IT Intensity on Earnings Persistence
Profitability measure =

(1) ROA (2) ROE (3) NI

Dependent Var. ROAi,t+1 ROEi,t+1 NIi,t+1

ITDit × (Profitability measure)it

0.006***
(0.000)

0.067***
(0.001)

0.006***
(0.000)

ITDit

-0.238
(0.199)

-0.534
(0.181)

-0.211
(0.191)

(Profitability measure)it

0.442***
(0.000)

0.801***
(0.000)

0.631***
(0.000)

LNMVit

0.002***
(0.000)

0.020***
(0.000)

0.002***
(0.000)

DERit

-0.069***
(0.000)

-1.656***
(0.000)

-0.065***
(0.000)

Intercept
0.051***

(0.000)
1.334***

(0.000)
-0.049***
(0.001)

Adj-R2 38.77% 47.32% 38.99%

No. of obs. 2,952 2,952 2,952

a: This table reports the regression results for testing the impact of IT intensity on banks’ profitability 
and earnings persistence after controlling for double-clustered standard errors. Refer to Tables 3 
and 4 for variable definitions.

b: *: p < 0.10; **: p < 0.05; ***: p < 0.01.
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Table 7 Results of Additional Tests on the Non-Linearity Effect of IT Expenditures 
(1) (2)

Dependent Var. ROAi,t+1 Dependent Var. MVit

ITDit

0.004***
(0.000)

ITit

2.134***
(0.000)

ITDit×ITDit

-0.061*
(0.090)

ITit×ITit

-1.009*
(0.094)

ROAit

0.432***
(0.000)

BVit

0.906***
(0.000)

LNMVit

0.001***
(0.000)

NIit

1.878***
(0.000)

DERit

-0.095***
(0.000)

Intercept
0.079***

(0.000)
Intercept

0.044***
(0.008)

Adj-R2 49.51% Adj-R2 60.93%

No. of obs. 2,952 No. of obs. 2,952

a: All coefficients and p values are estimated based on double-clustered (year and firm) standard 
errors. Refer to Tables 3 and 4 for variable definitions.

b: p values are presented in parentheses. *: p < 0.10; **: p < 0.05; ***: p < 0.01.

Table 8 The Effect of IT Expenditures on Subsequent ROAs
Dep. Var. (1)FROA1it (2)FROA12it (3)FROA13it (4)FROA14it (5)FROA15it

ITit

0.034
(0.223)

0.087**
(0.024)

0.143**
(0.050)

0.207***
(0.002)

0.229***
(0.003)

ROAit

0.579***
(0.000)

0.504***
(0.000)

0.489***
(0.000)

0.471***
(0.000)

0.498***
(0.000)

LNMVit

0.001***
(0.000)

0.001***
(0.000)

0.001***
(0.004)

0.001
(0.131)

0.000
(0.357)

DERit

-0.002
(0.331)

-0.006
(0.181)

-0.009
(0.236)

0.019
(0.132)

0.031
(0.111)

Intercept
0.005

(0.211)
0.009*

(0.077)
-0.005
(0.325)

-0.015
(0.125)

-0.027**
(0.027)

Adj-R2 52.14% 46.04% 25.01% 13.90% 11.42%

No. of obs. 976 976 976 976 976

a: This table reports the positive effects of IT expenditures on ROAs in subsequent years. All 
coefficients and p values are estimated based on double-clustered (year and firm) standard errors. p 
values are presented in parentheses. *: p < 0.10; **: p < 0.05; ***: p < 0.01.

b: FROA1 = mean (ROAi,t+1); FROA12 = mean (ROAi,t+1, ROAi,t+2); FROA13 = mean (ROAi,t+1, ROAi,t+2, 
ROAi,t+3); FROA14 = mean (ROAi,t+1, ROAi,t+2, ROAi,t+3, ROAi,t+4); FROA15 = mean (ROAi,t+1, ROAi,t+2, 

ROAi,t+3, ROAi,t+4, ROAi,t+5); Refer to Tables 3 and 4 for other variable definitions.
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5. Concluding Remarks
While numerous studies have examined the influence of IT expenditures on productivity 

or other non-financial performance, little consistent evidence has been documented. Utilizing 
annual data from U.S. banks during the 2001–2010 period, and applying the Ohlson model 
(1995), we find that: (1) IT expenditures are significantly and positively related to market 
values, suggesting that they are value relevant; (2) banks with a higher level of investment in 
IT enjoy greater earnings’ multipliers, implying that IT intensity contributes to an enhanced 
persistence of earnings. The empirical results, therefore, indicate that IT expenditures have a 
non-trivial and critical role in the value creation of banks. 

Our results make contributions to the academic research, investment decision-making, 
and practical management. First, we address the puzzling failure of some prior studies to 
arrive at positive benefits for IT expenditures (at least to some extent) by showing that such 
spending is positively valued by the capital market. Second, investors should take into 
account the degree of IT expenditures when evaluating banks’ performance and be more 
aware of the associated long-term benefits. Eventually, although IT spending usually requires 
a considerable budget, its contributions to more persistent earnings will eventually be 
appreciated by investors. Therefore, as it is related to the banking industry, wherein long-
term competitiveness is especially emphasized, banks’ management should make consistent 
and considerable IT investment in order to achieve sustainable success.
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