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ABSTRACT 
 
This paper presents a systematic literature review 
of the impact of information and communication 
technologies from a firm performance perspective. 
We introduce and describe a framework of 
classification according to several economic 
performance measures. As in previous studies, we 
distinguish market value and accounting measures, 
but we also highlight the importance of 
intermediate measures and other performance 
measures such as customer satisfaction, 
effectiveness, quality or turnover ratios to 
understand the mixed results of past work. These 
measures have become increasingly important in 
recent academic studies. The paper presents a 
broad view of the literature on ICT’s impact, and 
offers suggestions to improve future research. 
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INTRODUCTION  

Management researchers have shown increasing 
interest in the integration and strategic 
repercussions of information and communication 
technology (ICT) in the firm since Leavitt and 
Whisler [42] speculated about the effects of a new 
technology that they called “information 
technologies”. These technologies continued 
evolving after this point, and studies on the impact 
of ICT began to appear in the early 1980s. But 
exactly what this impact is remains an open 
question in the specialist literature [20,21,39]. In 
this line, a topic that has gained a substantial 
amount of attention in the past few years is how to 
seize the economic benefits of information and 
communication technologies ([53]. This has 
important repercussions at the organizational level, 
since the difficulty in measuring ICT’s impact may 
discourage firms from investing in these 
technologies.  
In general, the impact of ICT can be measured in 
many different ways, and although authors have 
come to some consensus about ICT’s positive 
impact on some variables (e.g., productivity), there 
is much less agreement about its impact on others 
(e.g., profitability).  
This paper provides an overview of the measures 
used in the literature and an integrative framework 
for their classification. Figure 1 shows the 
theoretical framework that guides this work. ICT is 

one of the productive inputs to the organizational 
process or processes, and usually complementary 
factors are also introduced and will ultimately have 
an effect, along with ICT, on the outputs of the 
process. This work aims to offer a framework of 
reference that organizes and integrates the literature 
on the benefits of ICT from a global perspective.  

 
<insert Figure 1 here> 

 
The next section reviews the concept of business 
success, and then some of the measures that can be 
identified as outputs of the process (Figure 1). The 
following sections review the empirical literature 
analyzing the relation between ICT and firm 
performance from various perspectives. The work 
ends with the conclusions of this analysis, the 
potential gaps and possible future lines of research.  
 

COMPETITIVE SUCCESS AND ITS 
DETERMINATION 

The strong interrelations that characterize the 
current dynamic of organizations make defining the 
variable performance precisely a highly complex 
task [17]. For ICT’s impact on performance, 
moreover, it is difficult to isolate the effect of other 
elements and of the complementarity relations. It is 
also often impossible to objectively measure some 
of the most important intangible benefits of ICT 
use.  
 
Despite this, Aczel [1] argues that the benefits of 
ICT can be classified in three dimensions: 
efficiency, which would include reductions in the 
cost of operations, products and services; 
effectiveness, delivering more value for 
investments; and productivity, ensuring that the 
right things are automated, and measured by the 
degree of fit between the investments in ICT and 
the firm’s objectives. As later sections show, 
prominent among these variables is a series of 
accounting and financial economics indicators 
commonly used in research on competitiveness and 
business success, while others take a more flexible 
approach, using a wide range of measures such as 
consumer welfare, quality, delivery times, and so 
on. The diversity of indicators used in the literature 
has, as the following sections show, occasionally 
led to contradictory or relatively inconclusive 
results with regard to the relation between ICT 
investments and the firm’s competitiveness and 
strategic position. 
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PRODUCTIVITY MEASURES  

This perspective considers that inputs can be related 
to outputs by a production function. An increase in 
the output requires either an increase in at least one 
of the inputs, or a change in the technology, or an 
improvement in management efficiency. A majority 
of studies choose a Cobb-Douglas production 
function, where the coefficients can be interpreted 
directly as the output elasticity of ICT.  
 
Within this framework, one of the most studied 
topics has been the so-called Productivity Paradox, 
suggested after the appearance of work failing to 
find a relation between ICT and productivity, or of 
some work even finding a negative relation. Among 
the research examining this question, Brynjolfsson 
and Hitt’s body of work stands out. Brynjolfsson 
[12] offers various explanations of this paradox, 
including the difficulty in measuring the 
productivity of ICT investments, the time-lag in the 
results, and problems of overinvestment related to 
agency costs. Loveman [46] offers one of the first 
econometric analyses in his study of 60 
manufacturing firms between 1978 and 1984. This 
author concludes that increasing investments in ICT 
capital has no effect on labor productivity, but 
positive marginal benefits accrue to the rest of the 
capital. He suggests that this is due to the absence 
of complementary organizational changes. In 
contrast, other research finds that marginal 
productivities for ICT exceed those for the rest of 
the firm’s capital. For example, Lichtenberg [45] 
and Brynjolfsson and Hitt [14,15,16] find that the 
marginal benefit associated with ICT investments 
exceeds the marginal cost, and also the returns to 
the investments in conventional capital. Similar 
conclusions are reached by other authors [6,44, or 
41]. 
 

PROFITABILITY MEASURES 

Another approach to analyzing the correlation 
between ICT and performance is to use some 
measures of profitability. The empirical evidence is 
sometimes contradictory in this case, because the 
relation is less direct than in the case of 
productivity [26], and because financial results 
depend not only on the firm’s resources but also on 
a great variety of strategic factors related to the 
sector to which the firm belongs.  
 
The most common conclusion in studies of profits 
is that although investments in ICT affect 
productivity, this does not necessarily increase 
profits. For example, Hitt and Brynjolfsson [36] fail 
to find a positive relation between ICT and any of 
the profitability ratios they use (ROA, ROE and 
total stockholder profitability). Similarly, Rai et al. 

[55] find a positive association between ICT 
investments and productivity but a much weaker 
association between ICT and ROA. Similarly, 
Sircar et al. [61] obtain significant correlations 
between ICT and various performance indicators 
related to sales, assets and market value, but not net 
income. In a more recent study Beccalli [7] also 
fails to find significant relations between ICT 
investments and profitability.  
 
Other work introduces the importance of the fit 
between ICT and company strategy, as well as the 
development of ICT-related capabilities. Floyd and 
Wooldridge [32] jointly analyze the relations 
between strategy, ICT and financial performance, 
and find that ICT and strategy have a direct effect 
on performance. They also find indirect effects 
generated by the fit, or lack of fit, between ICT and 
strategy, so that if the firm’s ICT fits its strategic 
management, the firm obtains a superior ROA. 
Bharadwaj [9] and Santhanam and Hartono [59] 
study the relation between firms with superior ICT 
capability and various financial indicators. They 
find a positive relation between the unique 
capabilities generated by the use of ICT and firm 
performance measured by various profitability 
ratios (ROA, ROS, etc.). Using a different sample, 
Stratopoulos and Dehning [65] compare various 
measures of financial profitability (ROA, ROE, 
ROI, etc.) and efficiency (essentially turnover). 
They find that firms with a competitive advantage 
deriving from an ICT-enabled strategy perform 
better. Tallon and Kraemer [67] conclude that in 
order for the firm’s ICT capabilities to improve its 
performance (ROA, ROS, and the ratio of operating 
income to assets) they must support the business 
strategy – what is really important is the strategic 
fit. Equally, Ravichandran and Lertwongsatien [56] 
conclude that operational performance 
(profitability, productivity and financial results) and 
market performance (success in new market entry 
and new product launches) depend on the extent to 
which the resources and capabilities of the ICT 
support and enhance the firm’s core competencies 
via the capabilities acquired through the ICT human 
capital and ICT infrastructure flexibility.  
On the other hand, Strassmann [63,64] fails to find 
a correlation between ICT and firm performance 
measured by traditional rates, such as ROI and 
ROE. He consider that existing ratios are 
inadequate and he propose a ratio that fully 
accounts for the Management Value-Added as well 
as all of the costs of management as the Return-on-
Management index. This ratio is gaining acceptance 
among company managers as a measure of 
corporate performance [49] and it is seen as more 
appropriate than other conventional measures 
because managers can use it to quantify the 
organization’s overall efficiency in its use of ICT to 
support knowledge-related tasks. Prattipati and 



How to measure information and communication technology performance: A literature review 
 

Volume VIII, No. 2, 2007 91  Issues in Information Systems 

Mensah [54] carry out a discriminant analysis of 
firms with high and low information productivity 
indexes and they find out differences in 
performance associated with the firms’ ICT 
investments.  
 

MARKET MEASURES 

The advantage of using measures based on the 
market is that they can capture intangible elements 
that ICT investments entail, difficult to measure in 
other ways [10, 17]. But they do assume the 
existence of an efficient market capable of 
estimating the future benefits of the ICT 
investments. Bharadwaj and Konsynsky [8] and 
Richardson et al. [58] conclude that ICT relates 
positively to Tobin’s q, the ratio of the market value 
of the firm’s assets to their replacement costs. 
Moreover, Brynjolfsson et al. [17] find that the 
effect on Tobin’s q is stronger for firms that make 
intensive use of certain organizational practices 
such as the use of skilled workers or team-oriented 
production, which shows that ICT and new work 
practices are complementary.  
 
Using event analysis, Dos Santos et al. [30] find 
increases in the stock price after announcements of 
ICT investments only when the ICT is 
“innovative”, indicating that the stockholders take 
into account the innovative nature of the ICT 
investment. Im et al. [38] extend the sample used 
by Dos Santos et al. [30], and obtain significant 
positive increases in firms’ market value after 
announcements of investments in ICT. But when 
they distinguish between the financial and 
manufacturing sectors, they find positive returns 
only in the first case, and when they distinguish 
between firms of different sizes, only in small 
firms. This may be because these announcements 
contain more novel information for investors in the 
case of small firms. Hayes et al. [35] obtain similar 
results, finding larger increases in market value 
after announcements of the adoption of ERP 
systems in smaller firms and in firms using larger 
vendors. 
 
Dehning et al. [28] find that Dos Santos et al. and 
Im et al.’s [30,38] results are no longer significant 
when ICT strategic role is included as an 
explanatory variable. They find abnormal increases 
in the market value when the announcements are of 
investments in “transformative” ICT, and that these 
increases are greater for firms belonging to sectors 
where ICT has more of a transformative role, 
meaning that firms can use such investment to 
transform processes, practices and business models 
and hence improve their competitive position in the 
sector. Also using the event methodology, 
Chatterjee et al. [23] find that the increases in the 
firm’s market value after announcements of ICT 

investments are greater when the investment is in 
ICT infrastructures than when it is in ICT 
applications.  
 
Krishnan and Sriram [40] study the effect of 
investments in ICT associated with the year-2000 
effect (Y2K) made in 1997. They find a significant 
positive relation between this investment and stock 
prices after controlling for various factors. 
Recently, Anderson et al. [2] observe increases in 
market value and revenues in firms that spent more 
on Y2K, especially in sectors where ICT is thought 
to be highly influential in transforming the 
traditional ways of doing business.  
 
Lee et al. [43], studying e-commerce initiatives, 
find abnormal returns in a sample of listed Korean 
firms after announcements of e-commerce 
initiatives, indicating that the market highly values 
the potential of these initiatives to generate 
important benefits in the future. Subramani and 
Walden [66] offer similar results, particularly in 
business-to-consumer e-commerce. Similarly, 
Geyskens et al. [33] evaluate the impact of adding a 
new Internet channel in the newspaper industry. 
They find that the firm’s market value reacts 
positively to these initiatives on average, while 
there are positive or negative effects in different 
newspapers. Their results suggest that powerful 
firms with a few direct channels achieve greater 
gains in financial performance than less powerful 
firms with a broader direct channel offering. 
Ettredge and Richardson [31] add the effect of risk 
in e-commerce to the analysis, and find an 
association between falls in the market value of 
various Internet firms in the year 2000 and 
measures of e-risk. In contrast, Hovav and D’Arcy 
[37] fail to find significant relations between 
denial-of-service attack announcements and the 
stock price.  
 
Finally, some authors believe that in order to 
achieve a competitive advantage other aspects are 
particularly important, such as ICT-related 
experience and capabilities, managers’ knowledge 
of ICT, and so on [47]. In this line, Richardson and 
Zmud [57] find increases in the market value of 
Internet firms after announcements of new board 
members with e-commerce experience, showing 
that stockholders value board members’ ability to 
help the executive team develop innovative 
strategies on the Internet. Chatterjee et al. [22] also 
obtain positive abnormal returns after 
announcements of the creation of a new Chief 
Information Officer position, particularly in sectors 
where ICT favors important transformations.  
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MEASURES OF INTERMEDIATE RESULTS 

In the literature on ICT’s impact in organizations 
researchers have shown less interest in measures of 
intermediate results such as level of innovation, 
improvement in the decision-making, and so on, 
than in measures such as productivity, profitability, 
market value, and so on. Thus, Dehning and 
Richardson [27], discussing the gaps that they find 
after their literature review, cite this area as one of 
the possible future lines of research in the ICT area. 
These authors argue that one of the most important 
aspects to research is the direct effects of ICT on 
the outputs of the processes, and in a second step, 
the effect of these outputs on the final financial 
performance, since the majority of studies examine 
the relation between ICT and performance without 
taking into account the analysis of the process. 
 
In recent years various researchers have examined 
this question in more detail, some basing their work 
on theoretical developments such as Davenport [24] 
or Hammer and Champy [34], who analyze the 
relation between ICT and final performance 
through an analysis of the intermediate results.  
 
Thus, Srinivasan et al. [62] find that EDI 
technology benefited Chrysler’s suppliers and 
customers by making the information about 
materials more precise and reducing shipment 
discrepancies, and Mukhopadhyay et al. [51] find 
that implementing EDI leads to tangible 
improvements in the performance (cost savings in 
inventory maintenance, improvements in inventory 
obsolescence and transport, and so on), as well as, 
and to a greater extent, in intangible aspects. 
Likewise, Barua et al. [5] identify a positive 
relation between ICT and various intermediate 
processes such as inventory turnover, capacity 
utilization, quality, new product introduction, as 
well as between some of these processes and the 
firm’s overall performance, although the effect is 
generally too weak to affect the final output. 
Devaraj and Kohli [29] also find evidence that the 
use of ICT positively affects performance, both 
financial (revenue per patient and per admission) 
and non-financial (mortality rate), in a sample of 
eight hospitals, while Athey and Stern [3] find that 
using ICT cuts the response time after an 
emergency call, and in particular reduces the 
number of deaths from heart problems.  
 
On the other hand, Mitra and Chaya [50] and Shin 
[60] find that ICT investments are related to lower 
average total costs. Moreover, Shin [60] analyzes 
the relation between ICT, intermediate results and 
the final output, and finds that expenditure on ICT 
are positively related to the firm’s output.  
 

Mukhopadhyay et al. [52] find considerable 
improvements in the quality of processing mail 
service as well as in output levels (volume of mail 
sorted) after improvements in ICT are introduced. 
Moreover, Byrd [19] argues that ICT allows 
organizations to improve their core competencies 
and achieve competitive advantage thanks to the 
flexibility that the technologies offer. Specifically, 
the author focuses on explaining the core 
competencies deriving from improvements in the 
time-to-market and market orientation. This is 
coherent with the improvements lead times and on-
time delivery percentages observed by McAfee 
[48]. 
 
As Bartel et al. [4] show, ICT reduces setup times, 
allowing firms to switch production between 
products at less cost in order to offer more 
customized products. ICT also reduces the 
production and inspection times, thereby improving 
the efficiency of the process as a whole.  
 

CONSUMER WELFARE  

In studies on profits and profitability firms are 
assumed to retain the value created by their 
investments in ICT, or at least capture a significant 
part of it [13]. But firms can sometimes fail to 
exploit this created value and it is the customers 
who benefit from the improvements that ICT 
generates. To determine this aspect, various studies 
have focused on analyzing consumer welfare, 
which measures the net value that consumers gain 
from their purchase of a good, discounting the price 
they pay for it.  
 
Bresnahan [11] analyzes ICT’s effect on the 
consumer surplus in the financial-services sector 
and he obtains a significant positive relation 
between these two variables. Specifically, the 
advantages that the consumer gains from the 
computerization of financial services are five times 
greater than the expenditure on ICT.  
 
In the same way, Hitt and Brynjolfsson [36] use 
three different approaches to measure ICT’s impact 
on firm output: the production perspective; strategic 
competitiveness; and consumer welfare. For their 
empirical analysis they obtain different effects of 
ICT on each of the variables, with the effect on 
profits being non-significant while the effect on the 
other two variables is significant. They also observe 
that the investments in ICT increase the part of the 
profits that goes to the customers substantially, and 
hence improve consumer welfare.  
 
Finally Brynjolfsson [13], in a study focusing 
exclusively on the consumer surplus, which is 
estimated using four different measures, finds that 
ICT investments generate approximately three 
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times their cost in consumer value, while 
Brynjolfsson et al. [18] find that ICT allows firms 
to offer a greater variety of products to the 
consumer through electronic markets. 
 

CONCLUSIONS 

ICT’s importance and the difficulty in measuring 
and evaluating its benefits have generated an 
extensive literature, both quantitative and 
qualitative. As this work has shown, the studies 
reviewed shed important light on the effect of ICT 
on various measures of performance, and offer 
possible explanations for the discrepancies in many 
of the findings. In general, authors find that ICT has 
a positive effect on productivity measures and a 
negative effect on profitability measures, indicating 
that ICT usually proves to be a structural necessity 
for firms to keep up with their competitors. On the 
other hand, the market measures are interesting 
because they are able to capture the current and 
future benefits of the technologies, particularly the 
intangible benefits, such as increases in the firm’s 
flexibility and improvements in product and process 
quality, which are not captured directly in the 
conventional ratios. Market measures also take 
account of the effects deriving from the existence of 
complementarities between ICT and the rest of the 
firm’s resources and capabilities. 
 
This last aspect is one of the most interesting to 
current researchers on the question, since ICT 
rarely generates results alone [25]. On the contrary, 
the general view is that in this process researchers 
need to take into account the effect of 
complementary elements such as aspects of internal 
organizational design. ICT’s impact on 
organizational results will be influenced by the 
synergies of these technologies with the firm’s 
resources and capabilities, so that technological 
change will only lead to improvements in 
organizational performance if the organizational 
processes are managed correctly.  
 
Some authors have included various 
complementary elements in the study of ICT’s 
impact, but much remains to be learnt about the 
processes involved in an adequate use of these 
technologies in order for firms to be able to achieve 
sustainable competitive advantage and superior 
performance. Thus, there is a need for future work 
to carry out a joint analysis of the intermediate 
business processes and the complementary 
elements that ultimately influence the value ICT 
adds to organizations. Contributions in this line 
should help explain the mixed results of past work 
highlighted here.  
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Figure 1. Theoretical framework at firm level 
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