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The impact of R&D investments cannot be evaluated separately
from the investments made in information technologies in today’s
highly digitalized knowledge economy. Besides, there is a mixed evi-
dence in the prior management literature on the impact of expensive
R&D investments on either firm productivity or firm performance me-
asures. This study explores the role of IT as a catalyst in enhancing
the productivity of R&D processes using a unique multi-year firm level
data of large global firms all over the world. The findings suggest that
R&D and IT do not simply interact for better firm performance at all
circumstances. The interaction effects are observed for industrial firms
that spend more on R&D relative to their peers in the same industry;
but not for firms that are in more knowledge-intensive industries. This
study sheds light on the joint effects of R&D and IT making several ot-
her implications for companies and practitioners.
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Ar-Ge ve Bilgi Teknolojileri Yatirnmlari Firma
Performansi lizerinde Nasil Etkilesir?

Oz

Bugiiniin oldukga dijitallesmis bilgi ekonomisinde ARGE yatirim-
larinin etkileri bilgi teknolojilerine yapilan yatirimlardan ayri olarak
degerlendirilemez. Bunun yani sira, yonetim yazininda pahali ARGE
yatirimlarinin firma performansi veya tretkenligi olgiitlerine etkisi ile
ilgili karisik deliller mevcuttur. Bu ¢alisma kendine has cok yill fir-
ma seviyesinde diinya genelinde kiiresel ve biiyiik sirketlerin verile-
rini kullanarak Bilgi Teknolojilerinin ARGE siireclerinin tiretkenligini
arttirmadaki roliinii incelemektedir. Bulgular ARGE ve Bilgi Teknolo-
jilerinin basit sekilde daha iyi firma performans: i¢in tiim kosullarda
etkilesmedigini gostermektedir. Etkilesme etkileri ayni endistride yer
alan diger firmalardan goreceli olarak daha ¢ok ARGE yatirimi yapan
endistriyel firmalarda goriiliirken daha bilgi-yogun endiistrilerde goz-
lemlenmemektedir. Bu ¢calisma ARGE ve Bilgi Teknolojileri yatirimla-
rinin ortak etkilerine 151k tutarken firmalar ve uygulamacilar igin de
diger birgok 6neriler sunmaktadir.

Anahtar Kelimeler: Ar-Ge, Bilgi Teknolojileri, firma performansi,
etkilesme etkileri

JEL Kodlar1: O30, M15

Introduction

R&D is an expensive investment. Firms spend on the average 3.7% of
their sales revenues on R&D investments where some firms invest more than
20% on R&D based on a recent data of the most innovative 1000 companies
worldwide (Jaruzelski et al., 2015). Even small firms invest in R&D starting
in the earlier years of their establishment. Do such spending in R&D reflect
to greater innovation and firm performance? About half of the ten most inno-
vative companies do also reside in the top twenty research and development
(R&D) spenders of all companies in 2016 according to the Global Innovation
1000. But, the other half are not the most 20 R&D spenders. Thus, how R&D
leads to greater innovation and firm performance remains a question that
management scholars quest for more than 40 years now.

While R&D is crucial for firm performance for almost all firms regard-
less of the firms’ industry, R&D alone is not a good indicator of the firm per-
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formance as the mixed evidence on the effects of R&D on firm performance
suggests in the prior literature (Chan et al., 2001; Charusilawong, 2014; He &
Wintoki, 2016; Lev & Sougiannis, 1996). R&D investments cannot be thought
of separately from the Information Technology (IT) investments especially
with the exponential growth of science and technology based firms in the
last few decades. The execution of innovation intensive processes typically
require high investments in IT. Thus, how IT plays a role on firm performan-
ce and more importantly whether these two investments (i.e., R&D and IT)
jointly affect firm performance or not are questions that this study explores
further.

Using a unique data set of firm-level and post-Internet R&D and IT, we
test whether IT interacts with R&D for better firm performances. We use
gross margin as a proxy for firm profitability. Because the intensities of R&D
and IT spending differ significantly across different industries, the empiri-
cal analyses are conducted across groups of firms that invest in R&D and IT
lower (or higher) than their peers in the same industry. The results suggest
a positive interaction effect of R&D and IT investments on firm gross margin
among industrial firms that are relatively high R&D spenders but spend less
on IT relative to their peers in the same industry. The significant interaction
effects are not observed at other groups of firms but the overall impact of
R&D and IT investments differ significantly across different groups of firms
within the industries that the firm belongs to. Thus, we discuss the implica-
tions of this study given the limitations of data and the unforeseen factors
that might affect such relations.

This paper takes the following structure. We review the literature on
relations of R&D and IT investments to various firm performance metrics in
Section 2. The underlying conceptual model and the research hypotheses
are developed in Section 3. Section 4 is devoted to the methodology. We
discuss the findings of the empirical analyses and state the implications for
future research in the last section 5.

Existing Research on the Relation between R&D and IT
Investments and Firm Performance

There is an extensive amount of literature on the relations between ex-
pensive investments of R&D and firm performance or productivity measures
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(Charusilawong, 2014; Chauvin & Hirschey, 1993; Z. Griliches & Mairesse,
1984; Zvi Griliches, 1994; Hall & Mairesse, 1995; He & Wintoki, 2016; Lee
& Shim, 1995). However, the literature is limited in terms of the joint or the
interaction effects of R&D and IT on firm performance. We first review the
literature on the separate effects of these two crucial investments on firm
performance. Then, the existing research on the relations with each other
and the joint effect on productivity or firm performance is given in the fol-
lowing sections.

R&D Investments on Firm Performance

The economic growth has come to a point where the stagnation is inevi-
table as Ayres (2016) points out “The history until now has been the history
of converting materials into things. The history of the future may be a his-
tory of wealth creation by knowledge accumulation, de-materialization, and
institutional innovation”. Knowledge economy that leads to evolutionary
innovations is the key to future economic growth. Firms across different
industries, even if they are not in knowledge-based industries, are obligated
to invest in R&D. However, how and to what extent R&D reflects to producti-
vity, growth or performance is still been questioned a lot finding place across
a wide variety of research in the field of management.

There is an extensive stream of research studying the relationship bet-
ween R&D and firm productivity or various firm performance measures.
While most studies have focused on the impact of R&D spending on firm
productivity growth, some others have explored the relationship between
R&D and financial and accounting measures of firm performance, such as
stock price/market value, and operating income.

Morbey (1988) finds a strong positive association between R&D and sub-
sequent growth in firm sales tracking major US companies between the ye-
ars between 1976 and 1985. R&D capital has a positive impact on operating
income across a wide variety of industries based on a panel data of firms
tracked between the years 1975 and 1991 (Lev & Sougiannis, 1996). Based on
a study of 600 manufacturing firms, Ettlie (1998) reports that R&D intensity
is significantly associated with improvement in market share, after control-
ling for firm size, industry and geographic region. His survey-based, study
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shows that R&D spending is also associated with greater computerization of
manufacturing and increased agility as measured by qualitative indicators
of manufacturing performance. In an empirical study of firm performance
across US and Japanese firms, Lee and Shim (1995) observe that the impact
of R&D on a firm’s long run performance is significant and positive. The
majority of such studies suggest R&D’s positive contribution to firm produc-
tivity. However, these studies have limitations as in some the data belong to
pre-Internet era or the variety of estimation methods and the data employed
make it difficult to compare studies with each other.

There also exists some other research that cannot establish positive a
link between R&D and firm productivity or performance. Thus, the evidence
is mixed on the benefits of R&D. Chan et al. (2001) explore the relationship
between R&D expenditures and the equity market value of firms between
1975 and 1995. Although their study does not support a direct link between
R&D spending and future stock returns, their results suggest that R&D in-
tensity is associated with greater volatility in stock returns after controlling
for firm, size, age and industry effects. A study by Booz Allen Hamilton of
1000 publicly held, global firms, that spent the most on R&D in 2004, reports
that there is no relationship between R&D spending and several measures of
economic success including sales growth, profitability, market value, or total
shareholder return (Kandybin & Kihn, 2004). Their study implies that there
is a fundamental disconnect between R&D spending and performance whe-
rein simply throwing greater amounts of money on new product innovation
does not guarantee success.

The literature review also suggests that findings of the empirical analy-
ses differ significantly with regards to the time-series method applied in em-
pirical analyses. The strongest results, in terms of R&D impact, are reported
in the cross-sectional studies, whereas time-series studies that link R&D to
total factor productivity growth produce weaker results with some studies
even showing statistically insignificant estimates (Arnold, Peterson, & Den-
nis, 2005). Other limitations in terms of developing accurate estimates of the
impact of R&D can be summarized as: (a) possibility of spillovers where the
benefits accrue to firms or nations other than the ones making these invest-
ments, and (b) a focus mostly on private R&D spending based on financial
data reported by publicly traded firms, which reflects only a small fraction
of true R&D spending in the economy:.
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IT Investments on Firm Performance

The effect of computerization on productivity and firm sales growth has
been studied extensively since the late 1980’s (Barua et al., 1991; Brynjolf-
sson, 1993; Brynjolfsson & Hitt, 1996; Dewan & Min, 1997; Hitt & Brynjolf-
sson, 1996). These studies were able to provide categorical evidence to re-
fute earlier claims related to the “IT productivity paradox” which implied
that the benefits of IT spending were not observable in aggregate output
statistics. The study of Brynjolfsson and Hitt (1996) on measurement of IT-
driven firm productivity showed that IT spending made a substantial and
significant contribution to firm output (i.e. sales). Using firm-level data on a
panel dataset of large firms from 1987-1991, they observed that the marginal
product of computer capital was at least as large as the marginal product for
other types of capital investments. Their results suggest that the IT produc-
tivity paradox disappeared by 1991, and that firm-level IT spending lead to
significant improvements in product quality and variety, which in turn lead
to greater firm output (Hitt & Brynjolfsson, 1996). Subsequent work also
showed that IT investments are associated with significant returns on spen-
ding when they are accompanied by organizational process changes that are
associated with improvements in human capital (Brynjolfsson & Hitt, 2000,
2003).

Although prior empirical studies confirm the productivity impact of IT,
most studies show either a negative or no effect of IT investments on profita-
bility (Aral & Weill, 2007; Hitt & Brynjolfsson, 1996; Rai et al., 1997). These
findings appear to contradict other evidence showing that firms benefit from
IT investment, prompting (Dedrick et al. 2003, p. 23) to call it “the profita-
bility paradox” and others to question the strategic value of IT investments
(Carr, 2004). Since there has been a significant shift in the nature of IT ser-
vices in the Internet era, as compared to the pre-Internet era on which most
of the earlier studies were based, it is imperative to develop a better unders-
tanding of the impact of IT on firm profitability. Newer types of IT systems
that form the foundation of web-based computing are expected to have far
greater transformational potential compared to their predecessors (Aral &
Weill, 2007; Dos Santos et al., 1993).

There exists studies supporting this view. The study of Mithas et al.
(2012), based on firm-level data from the Internet-computing era, suggests
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that the effect of IT investments on firm profitability is higher than other
discretionary investments, such as advertising and R&D expenditures. Other
studies that have explored the linkage between IT investments and their im-
pact on firm profitability have shifted their focus from studying the aggrega-
te impact of IT to an evaluation of the role of strategic and informational IT
assets and their relationship with firm profitability measures (Aral & Weill,
2007). The results of these recent studies suggest a need to understand spe-
cific mechanisms through which IT can impact firm profitability through
improvements in the effectiveness and efficiency of business processes. We
argue that one such process that deserves closer investigation is the innova-
tion or R&D process where IT investments have created a significant compe-
titive advantage for firms in many industries.

The Joint Roles of R&D and IT on Firm Performance

Information technology plays a critical role in the success or failure of
R&D projects. The knowledge-based view of the firm suggests that innovati-
on processes are critical to generate new knowledge in the execution of R&D
(Kogut & Zander, 1992; Nonaka & Takeuchi, 1995). In order to leverage the
tacit and explicit knowledge that resides within and outside firms’ boundari-
es, firms must build extensive capabilities in identifying and processing the
information that resides within the workplace and can frequently involve
external partners (Cohen & Levinthal, 1989; Sakakibara & Branstetter, 2001).
IT can help firms build “high bandwidth” channels with their lead partners
and customers to sense tacit and emerging customer/supplier information
(Zeithaml & Bitner, 1996). The consumer packaged goods giant, Proctor and
Gamble, has invested heavily in IT-driven innovation solutions as part of
new product development efforts (Bloch & Lempres, 2008).

In a study by McKinsey, Marwaha et al. (2007) report that pharmace-
utical companies which use IT in clinical trials processes increased their
overall productivity by improving the speed, quality and costs associated
with these processes. Estimated savings from such IT-driven initiatives that
improve the overall efficiency of clinical trials is estimated to be in the ran-
ge of $50 million to $100 million. Similarly, advances in the development
of high-throughput screening and simulation software and development of
unified IT systems have greatly improved the efficacy of drug discovery and
development processes (Thouin, 2008).
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The examples cited above provide anecdotal evidence on how IT can be
used to improve the execution of R&D projects by increasing the consistency,
alignment and relevance to customer needs. A review of the prior literature
shows that the impact of R&D and IT on firm productivity and profitability
has been treated separately in a vast majority of the studies. In other words,
most studies have focused either on the impact of R&D on firm output and/
or profitability, while others have studied the impact of IT on firm perfor-
mance while treating R&D and other discretionary expenditures (such as
advertising) as control variables. To the best of our knowledge, none of these
studies have explored the complementary role of IT in enabling and mode-
rating the impact of R&D investments on firm performance. We believe that,
while the initial focus on measuring the direct impact of IT in the initial
stages of industry-wide computerization in the 1990s was useful, it is more
important to develop a better understanding of the impact of IT investments
by virtue of their complementarities with other discretionary investments in
firm-level processes.

An alternate pathway to measure the impact of IT is to focus on its role
as a complementary resource for innovation-centric R&D processes. In other
words, can IT make R&D investments more productive? An important issue
in improving R&D productivity is the capability to facilitate seamless com-
munication among virtual product design teams (Loch & Terwiesch, 1998;
Nambisan, 2002). New types of IT, such as product lifecycle management
(PLM) software and collaboration tools, can enable product design teams to
collaborate across inter-organizational boundaries, gather and share design
requirements, conduct design iterations, verify and test product designs, and
facilitate final design hand-offs to other departments (Adler, 1995; McGrath
& Tansiti, 1998). Such web-based tools provide an information rich medium
that supports collaboration by facilitating synchronous communication wit-
hin and across R&D teams (Banker et al., 2006; Bardhan, 2007). These tools
also provide efficient data storage, electronic retrieval and reuse of product
designs, and allow R&D teams to compress the overall product development
time by reducing latency (Jana, 2009).

The Conceptual Model and the Research Hypotheses

Based on the discussions of the previous section, we posit three hypot-
heses. The first hypothesis is on the sole effect of R&D on firm performance
and is stated as follows.
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H1: R&D spending has a positive impact on firm performance.

Prior research on the impact of IT spending on firm performance has
provided mixed evidence. Researchers have empirically linked IT invest-
ments to improvements in firm labor productivity, total factor productivity,
output growth, and Tobin’s q using cross-sectional and longitudinal data
(Barua et al., 1991; Bharadwaj, 2000; Bresnahan et al., 2002; Brynjolfsson
& Hitt, 1996, 2003). However, the evidence directly linking IT investments
with improvements in firm profitability is less clear. Based on their analyses
of firm panel data from the pre-Internet era, Hitt and Brynjolfsson (1996) and
Rai et al. (1997) reported that IT did not have a significant impact on firm
profitability. Recent studies have focused on the pathways through which IT
investments can create value, using the resource-based view of the firm as
the theoretical framework to study the impact of IT-enabled capabilities on
firm performance (Aral & Weill, 2007; Banker et al., 2006; Bharadwaj, 2000).
Dedrick et al. (2003, p. 23) coined the term “profitability paradox” to refer to
the general failure to show a positive relationship between IT investments
and other measures of firm financial performance. Kohli and Devaraj (2003)
support this observation and state that the impact of IT investment on mea-
sures of profitability is mixed at best.

Is IT alone a sufficient tool in itself to improve the firm performance? Or
does it serve as a catalyst to improve the productivity of other business pro-
cesses? Dos Santos et al. (1993) and Aral and Weill (2007) observe that while
overall IT spending is not associated with firm market value, transformative
IT investments that enable new types of business process capabilities are
associated with improvements in firm margins and return on assets. Shah
and Shin (2007) observe that IT spending contributes to growth in firm pro-
fitability through improvements in their inventory turnover ratio based on a
large panel study of firms in the manufacturing sector. IT can also improve
the rate of patent innovation by providing the appropriate communication
infrastructure necessary to reduce time to market and product development
time (Banker et al., 2006). Hence, we hypothesize that,

H2: IT spending has a positive impact on firm performance.

One of the most important challenges that innovation-intensive firms
face is the greater technological complexity of the product development
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process. It is important to understand the major factors that improve the
innovation process in these industries. For example, leading pharmaceutical
companies have raised the productivity of their clinical trial processes by
introducing several IT initiatives. These initiatives provide cross-trial trans-
parency across the organization, enable physicians to use electronic data
capture tools effectively, and manage workflows to eliminate the bottlenecks.
Similarly, in other high-tech industries, IT investments play an important
role by providing the organizational capabilities necessary to leverage R&D
investments into significant reductions in product time to market and pro-
duct quality which translate into higher gross margins (Banker et al. 2006).

In this study, we seek to investigate how IT impacts the relationship
between R&D spending and firm performance. We argue that smart IT in-
vestments will help R&D managers improve the productivity of their pro-
duct innovation processes by providing greater capabilities to harness the
knowledge embedded across firm boundaries and enable easier (and faster)
access to critical product design data that help to reduce product time to
market and overall product development costs. Hence, we posit that the joint
effect of R&D and IT will significantly improve the pace and quality of new
product development, resulting in greater innovation especially in knowled-
ge-intensive industries.

H3: The interaction effect of IT and R&D spending has a positive impact
on firm performance.

Figure 1 describes our conceptual research model and our hypotheses
in terms of the (a) direct effects of R&D and IT, and (b) interaction effect of
R&D and IT investments on firm performance.
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H1 g ]
HED »  Gross Margin
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H3 H2
IT Investment Controls

Year dummies
Firm size
Industry

Figure 1. Conceptual Research Model

Methodology
Data and the Descriptive Statistics

We use data from two different sources in this study. We obtained multi-
year, archival data on firm-level IT spending from an international research
firm that is well-known for its IT data and research services. The data was
obtained under a non-disclosure agreement that protects its confidentiality.
The data was collected through an annual survey that is administered to chi-
ef information officers and other senior IT executives of large, global firms
with the goal of collecting objective metrics on IT investments. This firm
collects archival IT investment data, along with other IT investment-rela-
ted information, as part of its annual, worldwide IT benchmarking survey.
IT investments include all hardware, software, personnel, training, disaster
recovery, facilities, and other costs associated with supporting the IT en-
vironment, including the data center, desktop/WAN/LAN server, voice and
data network, help desk, application development and maintenance, and
outsourcing. IT spending data for firms in this data set was available for the
1998 to 2004 period.

Data on financial and accounting metrics were constructed from the
Standard & Poor’s database, COMPUSTAT database. We collected firm-level
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data on gross margins, assets, sales, R&D, and advertising from the Compus-
tat database. We note that the data on firm advertisement expenditures in
Compustat is limited because advertising expenditures for several firms in
our panel are not reported in Compustat. Hence, we supplement this data
using data obtained from the TNS Media Intelligence (TNSMI) database
which collects firm-level advertising data from 2002 onward. We note that
this database provides a more accurate picture of new media advertising
that is a fast-growing component of overall advertising expenditures, which
includes internet-based advertising as well as traditional advertising spend
such as network and cable TV, print media and radio. For firms on which
advertising data was not available, we used the average advertising expen-
ditures (as % of sales) of all firms in that 4-digit NAICS code as a proxy for
the advertising intensity. This is a commonly used approach in empirical
analyses when some portion of the data for a control variable is missing.

Since the focus of our study is on the interaction impact of IT on R&D
investments, we intentionally restrict our focus to firms that have non-zero
R&D and IT expenditures. In other words, we remove from consideration
firms that report zero expenditure on either R&D or IT categories since the
interaction effect of such investments would be zero by definition. This is
an important distinction between our dataset and others who have studi-
ed the profitability impact of R&D and IT in the prior literature (Mithas et
al., 2012). Furthermore, we restrict our attention to a balanced panel which
comprises of seventy firms for which we have complete firm-level data on
our variables of interest, namely gross margins, R&D spend, IT spend, ad-
vertising expenditures, assets, and sales. Overall, we have 490 firm-year
observations for 70 firms over 7 years.

The firms in our data set belong to two primary industries: Industrials,
and Computers & Electronics (C&E). The Industrials category is comprised
of 44 firms in sectors such as manufacturing, energy, consumer packaged
goods, and metals and natural resources. The firms in this category range
from process manufacturers (two-digit NAICS 31 and 32) to discrete ma-
nufacturers of machinery, metal products, electrical equipment, and motor
vehicle manufacturing (three-digit NAICS 331, 332, 333, 335 and 336). The
C&E category is comprised of 26 firms that belong to the high-tech com-
puter hardware, software development, and electronics manufacturing sec-
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tors. The firms in this category range from computer and semiconductor
manufacturers, to electro-medical and control instruments manufacturers
and software and data processing services (three-digit NAICS 334, 511, 518,
541, and 561).

Table 1. Variable Definitions and Sources

Variable |Definition Source
Difference between sales and | Sales & COGS correspond to
GM cost of goods sold (COGS) Compustat data items 12 and 41,
divided by sales. respectively.
. .. R&D is obtained from Compustat as
R&D 1;;{(]35 spending divided by research and development expense
’ (data 46) divided by sales (data 12).
IT spending (all hardware, Firm-level IT spending obtained
software, personnel, and . . .
: from an international research firm
IT other costs associated . .
. : that is well known for its IT data and
with supporting the IT :
. research services.
environment) to sales.
Assets is obtained from Compustat as
Assets Total assets divided by sales. | total assets (data6) divided by sales
(data12).
Adv is obtained from Compustat as
- . advertising expense (data45) divided
Advert Qd‘s]sf:ssmg expenses divided by sales (data12). Missing values are
y ) supplemented from TNMSI database
from 2002 onward.
HHI equals the squared sum of the
Industry concentration ratio market shares of each firm in that
IndConc |calculated using Herfindahl- |industry. Market share is the net
Hirschman Index (HHI). sales (data12) divided by the total
sales in that industry.

We use Gross Margin (GM) to measure firm performance. The predictor
variables that we use in our econometric models are research and develop-
ment (R&D), information technology (IT), and advertising (Advertising) ex-
penditures. We control for firm size using firm assets (Assets), and industry
concentration using the Herfindahl index as a proxy for market share (De-
wan et al. 2007). We also control for time trends by using year dummies
for our panel data. IT spending is defined as the dollar value of capital and
operational expenses to support the IT environment. Consistent with the
prior literature on IT and R&D productivity, all independent and dependent
variables are measured as a ratio relative to firm sales (Chao & Kavadias,
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2013; Mithas et al., 2012). Further details on variable definitions and data
sources are provided in Table 1.

Table 2 provides descriptive statistics on the model variables in our
data set. During the time period 1998 to 2004, the average R&D intensity
was 5.8% while IT spending and advertising intensity ratios were 3.7% and
2.8%, respectively. The average gross margin was 40%, while average annual
sales for firms in our sample were $18.77 billion. We note that average R&D
spending among industrial firms is only 2.4%, while it is almost four times
higher at 8.6% for firms in the C&E sector. However, average IT spending
seems to be fairly uniform across firms and varies between a low of 3.4%
among industrials to a high of 4.1% among C&E firms.

Table 2. Descriptive Statistics of the Model Variables

. Gross
R&D IT |Sales ($M)| Assets | Advertising Margin
Mean 0.024 | 0.034 22,279 1.088 0.028 0.321
T‘g Median 0.021 | 0.026 5,319 1.013 0.017 0.282
B Std Dev 0.018 | 0.050 51,223 0.378 0.036 0.131
3 Min 0.001 | 0.001 83 0.322 0.000 0.067
E Max 0.104 | 0.384 335,086 2.797 0.200 0.693
- 75%ile 0.032 | 0.0328 10,242 1.293 0.026 0.387
25%ile 0.010 | 0.020 2,407 0.845 0.007 0.238
Mean 0.086 | 0.041 13,335 1.185 0.021 0.411
ii a Median 0.066 | 0.033 4,142 1.006 0.014 0.418
E g= Std. Dev. 0.070 | 0.033 23,201 0.594 0.021 0.213
ag Min 0.001 | 0.004 519 0.275 0.000 0.063
= § Max 0.380 | 0.262 110,789 3.249 0.100 0.954
8 = 75%ile 0.140 | 0.051 10,560 1.474 0.028 0.548
25%ile 0.028 | 0.023 1,559 0.797 0.005 0.267
Overall Meal_l 0.058 | 0.037 18,771 1.172 0.028 0.400
Sample Median 0.032 | 0.030 5,526 1.069 0.018 0.345
Std. Dev. 0.066 | 0.042 40,750 0.496 0.033 0.208

We report the Pearson correlation matrix in Table 3. The correlation
coefficients indicate that R&D is positively correlated with gross margin (o
=0.689; p< 0.001). We note that R&D and IT spending are not significantly
correlated (=0.062; p<0.145) which suggests that firms’ investment deci-
sions related to IT and R&D spending are independently made as one would
expect, since such decisions are typically made by different functional ow-
ners.
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Econometric Estimation

We estimate the effects of the primary variables of interest, R&D and
IT spending, through the interaction effects model which is expressed as
follows.

GM,, =, +qR& D,, + a,IT;, + a;R & D, xIT,, + o, Assets,

+asAdvert,, + agIndConc,, + as  Year, +¢,, "

The index i represents the firm, while index t represents the year, and
the variable ¢i,t denotes the error term. The variables R&Dit, ITit, and
Adverti,t, represent R&D, IT and advertising intensity, respectively, while
Assetsi,t and IndConci,t measure the firm assets and market share of firm
iin year t. GMi,t represents the gross margin of firm 7 in year t. Year k rep-
resents a time dummy for each year in our sample. We estimate the models
specified in (1) using the current year values of the independent variables,
as well as 1-year and 2-year lagged values of the explanatory variables. We
use current year values of Assets in the lagged models since the relationship
between firm assets and profitability does not involve a lagged impact. Alt-
hough IT spending data was available only from 1998-2004, we are able to
use the 2005 and 2006 data for the dependent variable (gross margin) when
we incorporate 1-year and 2-year lags on the independent variables.

Table 3. Pearson Correlation Matrix of the Model Variables

R&D IT Sales |Assets Advertising | GM
R&D 1
0.062
T (0.145) 1
Sales [gﬁgig) (g:ggg) 1
Assets 0.540 -0.011 |0.029 1
(<.0001) |(0.798) |(0.437)
Advertising 0.070 -0.028 |-0.046 |0.005 1
(0.063) (0.515) |(0.219) | (0.890)
GM 0.689 0.036 -0.114 |0.432 0.390 1
(<.0001) [(0.389) |(0.002)|(<.0001) | (<.0001)

p-values are shown in parentheses.
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We estimate the model shown in equation (1) using pooled, ordinary le-
ast squares (OLS) regression analysis. In order to control for time-series cor-
relation of our variables, we compute the z-statistic to report the statistical
significance of coefficient estimates in our regression models. The z-statistic
is computed using year-by-year regression estimations as in Equation (2).

z —Stat =

1 i t;
\/N = ,/kj/kf2
(2)

Here, t is t-stat, kj is the degrees of freedom for year j, and N is the num-
ber of years. Our use of the z-statistic to calculate the p-values of coefficient
estimates of our pooled regression models is a well-validated approach for
estimation models that involves within-firm, correlation of error terms ac-
ross time (Ali et al. 2007). We also use the Huber White procedure to correct
for heteroscedasticity.

Another important concern in our estimation deals with simultaneity
issues. Specifically, when an exogenous shock affects the dependent and
one or more independent variables, the latter will be correlated with the re-
sidual term and lead to inconsistent regression estimates (Lev & Sougiannis,
1996). We account for endogeneity by estimating our regression models in a
simultaneous equation model using two-stage least squares (2SLS) estimati-
on. In this procedure, we use the instrumental variable method, where the
instrument is chosen to substitute for the explanatory variable that may be
correlated with the residual. A good instrument is one that is correlated with
the substituted explanatory variable but is not correlated with the residual.
In our study, we choose the lagged values of R&D and IT as instruments. We
argue that, since the lagged values of R&D and IT spending represent invest-
ments in a prior period, they will be unaffected (or only mildly correlated)
with firm idiosyncratic shocks in the current period. Such shocks could inc-
lude a change in managerial strategy or corporate control that affect future
investments but not the ones made in a prior period. Hence, we argue for
the use of lagged values of explanatory variables as suitable instruments in
the 2SLS estimation (Brynjolfsson & Hitt, 1996; Villas-Boas & Winer, 1999).
We first regress R&D and IT on their respective instruments, and then use
the predicted values (from the first stage) and explanatory variables in the
original model shown in (1).
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We report our standardized regression coefficient estimates for “Indust-
rials” and “C&E” firms, separately in Table 4, since R&D and IT investment
trends and their usage differ significantly across these industries. The co-
lumn “Current year” reports the estimates for regressions using current year
values of the dependent and independent variables, while the “1-yr” and
“2-yr” columns reflect the regression estimates for one- and two-year-lagged
models, respectively. All regressions are statistically significant and explain
a significant portion of the variance in gross margin. We observe that R&D
has a weak but positive impact (p-value < 0.10) on GM among Industrials
for the current year and one-year lagged models, while it has a significant,
positive impact on GM for C&E firms for all model specifications. We also
observe that IT has a positive, significant impact on GM among Industrials
and C&E firms for all models. Hence, our initial results suggest support for
hypotheses H1 and H2, in terms of the direct impact of R&D and IT, respec-
tively, on gross margin.

Table 4. Pooled Regression Results of the Main and Interaction Effects on Gross

Margin
Industrials C&E
C?::rnt 1-year Lag | 2-year Lag Cl;zr;nt 1-87:gar 2-year Lag
R&D 0.336* 0.087* 0.098 1.178*** | 0.644*** | 0.614***
IT 0.688*** | 0.481*** | 0.441*** | 0.608*** | 0.265"** | 0.215***
R&D x IT -0.502** -0.11 -0.112 -0.754*** -0.11 -0.088
Assets -0.051 -0.072* -0.063* | 0.214*** | 0.212*** | 0.254***
Advertising | 0.458*** | 0.487*** | 0.520*** | 0.295*** | 0.335*** | 0.329***
Ind. Conc. 0.061 0.065 0.056 -0.005 -0.035 -0.029
0.47 0.63
Adj. R2 (0.85, 0.45 0.45 (0.85, 0.72 0.72
0.69) 0.72)
F value 20.52 19.78 19.33 27.40 34.27 34.17
(<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001) | (<.0001)
N o e
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- *p<0.1, **p<0.05, ***p<0.01. p-values are calculated based on the
z-statistic to account for the possibility of within firm correlation of error
terms over time.

- Adjusted Rz values for instrumental variable regressions in the first
stage of 2SLS are shown in parentheses for R&D and IT, respectively, in
the row titled “Adj. R2.”

- Standardized coefficients are provided.

Furthermore, firm assets has a positive association with gross margin for
C&E firms, while the association is negative among Industrials. Advertising,
on the other hand, has a positive and significant impact on gross margins
for both types of firms across all model specifications. We also observe that
IndConc does not have a significant impact on firm gross margin.

However, contrary to our expectations, our results indicate that the in-
teraction term “R&D x IT” has a negative or statistically insignificant coeffi-
cient for both industry categories. It turns out that simply adding the cross-
product terms to the main effects model does not reveal the real impact of
the interaction of the key explanatory variables on financial performance. A
better way of investigating the interaction impact is explained in the next
section.

Interaction Effect Models: Clustering Firms into Quadrants

Kandybin & Kihn (2004) argue that there is some evidence of diminis-
hing returns of R&D “beyond a saturation point” based on their analyses of
firm R&D data collected at Booz Allen. In a similar vein, Rubin notes that
“... beyond a certain point, extra IT spending does no good...” based on his
research on IT spending pattern in the financial services industry. He refers
to this sweet spot as the “optimal IT intensity” (Gruman, 2007). To test this
effect, we create a scatter plot in Figure 2 where the combined R&D and IT
spending is plot against gross margin for C&E firms over the 1998 to 2004
period. We observe that there is a peak saturation point when combined
“R&D plus IT spending” is approximately 20% of sales. Beyond this peak,
gross margins decline rapidly.
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Figure 2. Diminishing Returns to IT and R&D Spending

To study this effect within the framework of our empirical model, we
split our sample data into four quadrants based on the median values of IT
and R&D spending as shown in Figure 3. Here, Q1 represents firms in the
first quadrant where R&D and IT spending are less than their correspon-
ding industry median levels in time ¢, i.e., R&Di,t < R&DMed(t) and ITi,t <
ITMed(t), respectively. Similarly, Q2 represents firms in the second quadrant
where R&Di,t > R&DMed(t) and ITi,t < ITMed(t). Q3 and Q4 represent firms
in the third and fourth quadrant, respectively.

We run the interaction effects model for firms in each quadrant by intro-
ducing a dummy variable, Di,j,t, where Di,j,t = 1 if firm i belongs to quadrant
jin year t, and zero otherwise. Our model is specified as:

GM,, =ay+aR&D,, + a,IT,, + ;R & D, xIT;, + o, Assets,
+ asAdvert,, + a,IndConc,, + a,R & D, xIT, xD, ,
+ R & D, xXIT, xD,,, + &R & D, xIT, xD, ,, + a,, Year + &, 3)

We note that the dummy variable Di,1,t =1 for firm i in Q1 in year t,
and zero for other firms in quadrants Q2, Q3, and Q4. We observe that the
interaction term “R&D x IT” represents the baseline, interaction effect of
R&D and IT, while the other interaction terms “R&D x IT x Dj” represent
interaction effects relative to the baseline quadrant, i.e., Q3.
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Figure 3. Quadrants based on Firm-level R&D and relative to Industry Median

Similar to our earlier estimation, we report the parameter estimates for
the current year and one- and two-year lagged specifications of equation (3)
in Table 5. Our results indicate that the main effects of R&D, IT and Adver-
tising are generally similar to the earlier results described in Table 4, with
the one exception being that the main effect of R&D among Industrials is no
longer statistically significant. However, there are significant differences in
the coefficient estimates of the “R&D x IT” interaction term across indust-
ries. Focusing first on Industrials, we observe that the interaction term in
Q1 (i.e. R&D x IT x D1) is statistically significant (coeff.=0.07, p < 0.05)
for the current- and one-year lagged models. Similarly, the interaction term
is significant for Q2 firms with estimates of 0.074 and 0.068 (p < 0.05) for
the one- and two-year lagged models, respectively. However, the interaction
term is not significant for Industrial firms in quadrants Q3 and Q4. We also
note that the interaction effect of R&D and IT is not statistically significant
among C&E firms.

Our results suggest that firms in Q2, which spend more on R&D com-
pared to their industry peers, exhibit a positive interaction impact between
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R&D and IT investments. In other words, firms which spend more on R&D
but less on IT (compared to their industry peers) realize greater, marginal
returns compared to firms in Q3 and Q4 that make relatively larger invest-
ments in R&D and IT, respectively. On the contrary, Q3 firms that outspend
their peers on both R&D and IT dimensions exhibit statistically insignifi-
cant, interaction effects. Our results provide evidence of a “tipping point”
beyond which spending on R&D or IT does not yield significantly greater
marginal returns.

To summarize, the interaction effect of R&D and IT is positive among
Industrials when firm R&D spending is greater than the industry median and
IT spending is lower than its corresponding industry median. When firms
outspend their peers on both R&D and IT, the interaction impact between
R&D and IT is not significant and any incremental spending does not have
a significant, marginal impact on firm profitability. Hence, we argue that
support for hypothesis H3 with respect to the interaction effect of R&D and
IT is more nuanced, i.e. the interaction impact of IT is observed only among
Industrial firms which fall in the lower, left or right quadrant of their peer
group based on relative R&D and IT spend levels. Furthermore, among C&E
firms, our results support the direct impact of R&D and IT but do not provide
supporting evidence of a significant interaction effect.

Table 5. Interaction Effects Model of Firm Performance across Different Quadrants

Industrials C&E
Current year | 1-year Lag | 2-year Lag | Current year | 1-year Lag | 2-year Lag
R&D 0.384 0.016 -0.015 2.201%** 0.775*** 0.740***
IT 0.803*** 0.499*** | 0.468*** 0.907*** 0.249*** 0.159***
R&D x IT -0.607 -0.104 -0.073 -1.545 -0.220 -0.161
Assets -0.042 -0.045 -0.033 0.144%** 0.244*** 0.292***
Advertising 0.458%** 0.489*** | 0.505*** 0.246%** 0.337*** 0.337%**
Ind. Conc. 0.091 0.085 0.082 0.000 -0.041 -0.038
R&D x IT x D1 0.071** 0.053* 0.022 -0.091 -0.006 -0.004
R&D x IT x D2 -0.001 0.074** 0.068** -0.585 -0.104 -0.118
R&D x IT x D4 -0.111 -0.034 -0.049 -0.202 0.010 0.045
. 0.47 0.53
Adj. R2 (0.85, 0.69) 0.47 0.46 (0.85, 0.72) 0.70 0.71
F Value 16.82 15.92 15.37 21.47 23.46 23.85
(<.0001) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001)
I;Ig)s..of firm-year 308 182
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- *p<0.1, **p<0.05, ***p<0.01. p-values are based on the z-statistic.

- Adjusted R2 values for instrumental variable regressions in the first
stage of 2SLS are shown in parentheses for R&D and IT, respectively, in the
row titled “Adj. R2.”

- Standardized coefficients are provided

Conclusions

Given that innovation has been a fundamental source of technological
change and productivity growth during the last two decades, there is no
doubt that R&D is a key driver of such productivity improvements in the
economy. In this study, we focus on the role of IT-enabled innovation and the
importance of IT investments in moderating the productivity impact of R&D
spending on firm performance. Considering that quantum strides in compu-
ting that have been made during the IT revolution since the mid-1990s, it is
important to (a) understand the specific role of IT in improving the innova-
tion capabilities of R&D processes, and (b) measure the interaction impact
of R&D and IT investments on firm performance. While the literature has
mostly focused on the impact of R&D or IT spending separately, our study fo-
cuses on the critical question: “Does IT spending enhance the effectiveness
of the innovation output of R&D processes?”

We empirically test our conceptual research model using a seven-year,
panel data set that reflects the significant technological changes since the
first wave of Internet-based, commercial technologies in the last decade. Our
study shows that R&D has a significant, positive impact on firm performance
as measured by gross margin. Our results also indicate that the interaction
between IT and R&D spending has a positive effect on firm performance.
However, these effects cannot be generalized across all industries. Rather,
we find support for the interaction impact of IT on firm profitability among
those industrial firms that are relatively high R&D spenders but spend less
than the industry median on IT. Among firms in the C&E industry, we find
support for the direct impact of R&D and IT investments on firm profitabi-
lity, but our results do not indicate a significant interaction impact.

Our study has several limitations. First, due to the secondary nature
of the data, we do not have insight into the specific types of IT investments
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that firms in our sample have made during the time horizon in our study.
Future research should focus on the allocation of the IT budget between
various components such as software applications, consulting, and infrast-
ructure investments. This may require combining our current data set with
other data sources. Second, the product development time to market in some
high-tech industries, such as semiconductors, can be in the range of three
to five years. It is possible that the time period of our study did not allow
us to observe the full effects of R&D and IT spending due to a decrease in
the degrees of freedom required for robust econometric analyses. Third, our
study uses data on large, global firms. This limits generalization of our fin-
dings to similar firms, and further exploration with data from smaller firms
is needed. Fourth, since IT spending data is proprietary and our research
design required a balanced panel across a multi-year, time period to capture
the effects of R&D and IT, we are limited by the relatively small sample of
firms for which complete data is available. Future research will seek to add-
ress these deficiencies by collecting a larger sample with firms from other
industries to validate the effects that we observe among industrials and high
technology firms.

Future research can extend this line of research to include firm effici-
ency measures using non-parametric estimation methods, such as data en-
velopment analyses, to study the impact of R&D and IT on firm efficiency.
Another avenue for potential research includes studying the impact of R&D
and IT on financial metrics such as stock returns and firm risk. While R&D
investments are considered to be risky (since many R&D projects fail), smart
IT investments can serve to lower the volatility of these risks by providing
greater transparency into the execution of R&D projects, and improving co-
ordination across multiple projects. New methodologies to estimate the im-
pact of IT on these risks will need to be developed. Finally, additional case
studies across different industries are needed to fully understand the pro-
cess-level impact of R&D and IT investments on organizational innovation
capabilities.

The results presented in our study have several implications for rese-
archers and practitioners. Our analyses indicate that profitable innovation
cannot be bought simply by throwing money on R&D projects. Based on our
findings, we observe that R&D and IT spending are subject to diminishing
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marginal returns with respect to firm profitability. Spending above the inf-
lection point results in lower returns since a firm will invest in high value
projects first, followed by the next in line based on a rank-ordered scheme,
until it is spending money on dubious projects. Our findings are consistent
with the results reported by (Kandybin & Kihn, 2004) who conclude that “...
the solution to innovation anemia is not to boost incremental spending, but
to raise the effectiveness of base spending...”

The findings of our study imply that the IT can play a critical role in
improving the effectiveness and efficiency of R&D processes by reducing co-
ordination costs, increasing transparency, making better resource allocation
decisions, and improving the overall business value of R&D. From a mana-
gerial perspective, an important implication of our study is to focus on the
role of IT in improving innovation capabilities in their R&D organizations.
Opportunities to use IT in all phases of the product innovation lifecycle sho-
uld be explored. For instance, IT systems should be deployed to identify and
sense emerging customer needs which will feed the product ideation phase.
IT can be used to improve project governance through creation of project
management software and disciplined stage-gate processes that streamline
project workflows. From a research dimension, our study provides a fresh
perspective into the drivers of firm financial and innovation performance
and provides a new causal path that explains how IT can moderate the im-
pact of R&D on profitability. It addresses a gap in the literature which has
heretofore ignored the possibility of interaction effects when studying the
relative productivity impact of IT and R&D on firm performance.
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