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Organizations increasingly rely on information technology (IT) to
improve performance. Yet, there is debate about the pay-off of the IT
revolution, and empirical evidence suggests that investments in IT
do not guarantee enhanced performance. Drawing from accounting,
marketing, management and information technology literature, this
study uses structural equation modeling to assess the extent to
which managerial use of IT is intertwined with control issues
including learning routines (internal and external), product quality,
cost improvement, customer satisfaction and firm profitability. The
conceptual framework builds on knowledge- and resource-based
views and return on quality perspectives. The results indicate
support for the theoretical framework. Extent of managerial IT use
influences internal and external learning routines that influence
quality and cost improvement. Quality improvement significantly
impacts customer satisfaction and cost improvement that signifi-
cantly impact firm profitability. The non-hypothesized paths are not
significant, indicating that learning routines, quality improvement,
cost improvement and customer satisfaction are intervening variables
between extent of managerial IT use and firm profitability. Further, the
sample is split into two industry subgroups, durable and nondurable
goods subgroups, and the two-group analysis reveals that industry
moderates the relationship among the variables under study. The effects
are in general more pronounced for durable goods firms.
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1. Introduction

Many companies have invested heavily in information technology (IT) with the hope of enhancing their
performance. Althoughmost of the earlier conceptual research tends to support the idea that IT can be used to
create a favorable competitive advantage and sustain firm performance (Porter, 1980; Porter and Millar,
1985; Rackoff et al., 1985), empirical evidence shows that IT does not necessarily create a competitive
advantage and there is no significant direct connection between IT and performance (e.g., Kettinger et al.,
1994; Hitt and Brynjolfsson, 1996; Powell and Dent-Micallef, 1997; Makadok, 2001; Lau et al., 2010). Due to
the concerns expressed in these studies about whether IT use will necessarily lead to enhancements in firm
performance, several studies have stressed the need for better theoretical models that trace the path from IT
to business performance (Beath et al., 1994; Sambamurthy and Zmud, 1994; Kallunki et al., 2011). For
example, Barua and Mukhopadhyay (2000) and Sambamurthy et al. (2003) suggest that many studies have
overlooked important intermediate organizational capabilities that mediate the relationship between IT and
firm performance. Similarly, Tippins and Sohi (2003) suggest that the impact of IT on performance can be
enhanced when used to learn about markets and other factors that influence performance.3

Prior research suggests that learning plays an important role in enhancing a firm's competitive advantage
(Lee et al., 1996; Simonin, 1999).4 These suggestions are consistent with the resource-based theory, which
suggests that enhanced competitive advantage is caused by the firm's unique resources (Smith et al., 1996).
Since the capability to learn is also a valuable resource, creating and sustaining a firm's competitive advantage
is considerably dependent on the learning routines of thatfirm (Little et al., 2002). Therefore, effective learning
routines can contribute to the attainment of the organization's competitive advantage and as a result, improve
organizational performance. More specifically, well-developed learning routines provide conditions that
enable decision-makers to take advantage of new information related to internal and external opportunities
and threats. In turn, such information is relevant in formulating strategy to gain competitive advantage in
terms of, at least, quality improvement and lower costs (Jelinek, 1979; Hambrick, 1982; Shrivastava, 1983;
Dutton and Freedman, 1985). However, Porter (1980) maintains that every firm must choose between
improving quality or lowering costs as it is not possible for firms to accomplish both simultaneously and be
successful. On the other hand, Hall (1980) observed that most successful firms simultaneously pursued both
cost and quality improvements, suggesting that the two strategies are not necessarily inconsistent. However,
despite long-standing interest in multidimensional performance management (e.g., Lynch and Cross, 1991;
Kaplan and Norton, 1992), no prior study has investigated the effect of internal and external learning routines
on both firm cost and quality improvements. Thus, this study conjectures that benefits frommanagerial IT use
may occur through the creation and utilization of learning routines that result in quality and cost
improvements. Further, quality improvement is expected to significantly impact customer satisfaction that, in
turn, will impact profitability. In addition, cost improvement is expected to significantly affect profitability.

The foregoing suggests a set of questions related to whether the extent of managerial IT use impacts firm
performance directly or whether the mechanism includes intervening relationships among other variables.
Thus, the first objective of this study is to examine the following simultaneous relationships: (1) the impact of
extent of managerial IT use on firm internal and external learning routines, (2) the effects of internal and
external learning routines on firm competitive advantage as measured by its cost and quality improvements,
(3) the effect of quality improvement on cost improvement and customer satisfaction, and (4) the impact of
cost improvement on firm profitability, the effect of customer satisfaction on firm profitability, and the effect
of managerial IT use on firm profitability. The inclusion of these mediating components is a potentially
important extension to IT research that has previously considered only the direct link between IT and
profitability. In addition, the set of relationships tested is intended to illuminate how IT can be mobilized to
manage performance (Dechow et al., 2007). Therefore, the joint consideration of learning routines, cost,
quality, and customer satisfaction provides a more complete model of the impact of managerial use of IT on
firm profitability and contributes to the existing literature by offering insight into the process by which firms
control the enhancement of profitability. To this end, as a central intention and contribution of this study, we
3 The actual use of IT to enhance communication should matter rather than the nominal amounts invested in particular
technologies (Andersen, 2001).

4 Young and Selto (1993) found that an information shortage causes many problems in the manufacturing process because of
ineffective learning.

Please cite this article as: Maiga AS, et al, Extent of managerial IT use, learning routines, and firm
performance: A structural..., Int J Account Inf Syst (2013), http://dx.doi.org/10.1016/j.accinf.2013.04.001

http://dx.doi.org/10.1016/j.accinf.2013.04.001


3A.S. Maiga et al. / International Journal of Accounting Information Systems xxx (2013) xxx–xxx
develop and test amodel that integrates key aspects ofmanagement, accounting, marketing, and IT literature
and the perspectives on the link between managerial IT use and firm profitability. In addition, we draw on
recent refinements concerning methods to model contributors to performance (Maiga and Jacobs, 2005)
while considering managerial IT use and learning routines as part of an expanded set of potentially decisive
factors.

The remainder of the paper is structured in four sections. The next section presents the definitions of the
variables used in this study, the theoretical model and hypotheses development. This is followed by sections
that discuss the research method and present results. Finally, conclusions are discussed.

2. Definitions, theoretical model and hypotheses development

2.1. Definitions

Extent of managerial IT use is defined as the extent to which computer networks are used by
management to enhance internal and external communication. This allows managers to communicate
within and outside the organization (Andersen, 2001).

Based on prior studies (e.g., Adler and Clark, 1991; Pisano, 1994), we focus on two types of learning
routines — internal and external. Internal and external learning are metaroutines that emphasize problem
solving and collaboration both internally within the organization (Huang et al., 2008) and outside the firm to
be transferred inside the firm and throughout the organization (Cohen and Levinthal, 1990; Lane et al., 2006).

Quality improvement refers to internal quality. It captures the ability of a manufacturing firm to produce
products conforming to their designed quality at an economic production cost (Crosby, 1996); thus, our
quality measures subsume internal failure costs (Dawson and Patrickson, 1991; Ahire, 1996).

Customer satisfaction relates to the customer's perspective of the products upon actual usage. For
example, a lower percentage of defective products should help a firm to reinforce positive customer
experience (Hardie, 1998). Therefore, following prior studies (Voss and Blackmon, 1994; Ahire and
Dreyfus, 2000; Maiga and Jacobs, 2005), external quality is used as a proxy for customer satisfaction
because lower external failure is likely to be associated with higher customer satisfaction.

Cost improvement is defined as the improvement of firm product cost that is a function of direct labor,
direct materials, and allocated overhead, plus improvement in non-manufacturing costs. Consequently, most
firms have a reasonably accurate understanding of their incurred costs (D'Souza and Williams, 2000).

Profitability is the composite measure of firm's return on sales (ROS), turnover on assets (TOA), and
return on assets (ROA).

2.2. Theoretical model and hypotheses development

Fig. 1 illustrates the model guiding this study. We elaborate on the constructs in the model and state
our hypotheses in the following sections.

2.2.1. Extent of managerial IT use and learning routines
There has been renewed interest over the past two decades in the learning organization (Hayes et al.,

1988; Stata, 1989; Senge, 1990a,b, 1991; Kochan and Useem, 1992; Quinn Mills and Friesen, 1992; Garvin,
1993). Today, management needs to harness the learning capabilities of their organization members
(Lambert and Peppard, 1993). To this end, managers in many organizations have attempted to design
learning routines into their IT systems.

Through managerial IT use, members of the organization can connect internally and the organization can
connect to its environment (Huber, 1982), thereby enabling internal and external learning (Kessler et al.,
2000) through connectivity-enhancing routines (Levitt and March, 1988; Fawcett et al, 2011).

Prior literature suggests that expectations and beliefs about IT tend to influence actual use of such systems
(e.g., Bhattacherjee and Premkumar, 2004). Thus, in a firm where top management invests in information
technology it might be expected that their attitudes towards IT would be favorable and that the extent of
managerial IT use should be high. This is because the characteristics of contemporary IT networks (i.e. their
functionalities when it comes to connectivity, information capture and learning support), make it plausible
thatwhenmanagement is eager to use IT, theywill use such networks to create conditions, environments and
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situations that strengthen the capacity of decision-makers in the firm and externally to detect and exchange
new information, and to collaborate in problem solving. The use of IT, with its protocols and platform
standards, can provide an ideal mechanism for connecting widely dispersed individuals via common systems
(e.g., intranets) (Tippins and Sohi, 2003). That is, the use of IT, such as groupware, facilitates the capture of
context-rich information and primarily supports learning activities by providing access to documents,
database information, project records, email, and discussion group work areas. A web interface supports
learning by providing a gateway to myriad sources and types of information, both internal and external.

This suggests that, in firms where management uses IT extensively, there will be network tools which
assist management in clarifying assumptions, speeding up communications, and constructing histories of
insights and cataloging them (Sabherwal and King, 1991). That is, managerial use of IT can play a significant
role in supporting internal and external learning routines as the firm regularly engages in problem solving in
ways that function as routine-changing routines (Nelson andWinter, 1982; Pedler et al., 1997; Teece, 2000).

H1a. There is a positive association between extent of managerial IT use and internal learning routines.

H1b. There is a positive association between extent of managerial IT use and external learning routines.

2.2.2. Learning routines and competitive advantage
When internal and external learning routines are in place, there will be occasions for internal and

external learning (Lin, 2003). Therefore, learning routines are likely to increase the capacity of individual
employees to develop innovative ideas regarding products and processes (Mohrman and Mohrman, 1993;
Tippins and Sohi, 2003), which in turn contribute to the organization's competitive advantage (Conner
and Prahalad, 1996). More specifically, the implementation of learning routines indicates an organization's
commitment to continuous improvement (Garvin, 1993).

Continuous improvement programs involve doing things right the first time and learning best practices in
order to improve product quality and reduce costs. Both quality and cost improvements require a solid
understanding of underlying processes and products. The existence of internal learning routines makes such
understanding possible and gets employees involved in internal problem solving so that they can use their
Please cite this article as: Maiga AS, et al, Extent of managerial IT use, learning routines, and firm
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insights to identify problem areas and develop effective solutions (Mohrman and Mohrman, 1993; Fawcett
et al, 2011). Several studies demonstrate that internal learning routines have positive performance effects
(e.g., Bunderson and Sutcliffe, 2003; Gibson and Vermeulen, 2003; Wong, 2004) and point to a number of
mechanisms by which performance may be enhanced. Specifically, through internal learning activities,
employees are able to detect and correct errors, improvemembers' collective understanding of a situation, or
discover unexpected consequences of previous actions, improving both quality and cost. Based on the
foregoing discussions,we propose the followinghypotheses linking internal learning routines and quality and
cost improvements:

H2a. There is a positive association between internal learning routines and quality improvement.

H2b. There is a positive association between internal learning routines and cost improvement.

Routines for external learning can be integrated into a new product design through blending techniques,
such asmatching product attributeswith needs, and can contribute to new product advantages by enabling a
firm to explore innovation opportunities created by emerging market demand (Tiger and Calantone, 1998).
Hence, itwould be expected that external learning routineswill be helpful for adjusting operations to external
conditions (Kohli and Jaworski, 1990). Such external learning routines should enable the firm to build and
sustain competitive advantage (Hunt and Morgan, 1995) in terms of both quality and cost improvements.
This is in linewith prior studies that suggest that opportunities for external learning routinesmay be relevant
in improving quality and lowering costs (Dutton and Freedman, 1985; Meyer, 1993; Handfield, 1994; Storey,
1994; Koufteros et al., 2005).With respect to the foregoing arguments, we propose the following hypotheses:

H3a. There is a positive association between external learning routines and quality improvement.

H3b. There is a positive association between external learning routines and cost improvement.

2.2.3. Quality improvement and cost improvement
Historically, the relationship between “cost” and “quality”was viewed as one of tension, i.e., how can a

firm provide the customer with a product offering more services, while at the same time lowering cost,
ceteris paribus. Initially, those who believed that “quality is costly” always discussed cost and quality as
two opposing mathematical functions that had to be optimized at some positive defect rate. Indeed this is
the philosophy inherent in the now famous quality cost curves by Juran (1982). A second view, promoted
by several authors (e.g. Deming, 1986; Crosby, 1996), was that “quality is free,” suggesting multiple
benefits from quality enhancements that result in zero defects while improving the product to exceed
customer expectations and to actually “delight” them. Some benefits included an increase in customer
realization (what the customer receives minus what they give up) due to quality enhancements which
would shift the demand curve and, allow management either to increase price, to hold price constant and
reap the benefits of returns to scale, or to choose some combination of price and scale increases, either of
which would increase risk adjusted return and more than pay for the costs of increased quality.

More contemporary thought neither accepts nor rejects the premises associated with the two historically
opposing arguments, but suggests that the learning routines necessary to produce better productsmight lead
to producing better products in better ways, leading to reduction in the unit costs of inputs. This wouldmean
that effectively, producing better products for the customer might be inextricably linked to producing them
more efficiently as well, which implies lower costs. To argue oppositely would suggest that an organization's
learning how to create defect free products would pay little attention to cost structure, i.e., creativity for
improving qualitywould not spill over into improving processes. Competitive advantage in the global market
requires a firm's learning activities to be oriented towards pushing quality up while simultaneously pushing
costs down, allowing management greater degrees of freedom in choosing to benefit from increases in price
or increases in demand, or some combination of both. Economic rationality in the current environmentwould
suggest that management will focus on both quality and decreasing the costs of some or all inputs (Freeman
et al., 2008; Gopal and Koka, 2008).

Cost and quality have long been the center of attention for manufacturing managers (Shapiro and
Heskett, 1985; Hayes et al., 1988). Quality theorists and practitioners generally support the idea that
quality improvements also result in cost savings that outweigh the investment in quality improvements
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(Slaughter et al., 1998). Quality improvement as an operations management objective is accepted where
quality improvement is also thought to provide the additional benefit of cost reduction as waste is
eliminated (Crosby, 1979, 1984; Deming, 1986). This is in support of Juran (1982), who argues that better
quality practices can reduce the cost associated with quality prevention, inspection, appraisal and
warranty returns. Hence, it is expected that quality improvement will improve the cost structure of a firm.
Therefore, the following hypothesis is tested:

H4. There is a positive association between quality improvement and cost improvement.

2.2.4. Quality improvement and customer satisfaction
The idea that overall market and business performance can be enhanced through product quality

improvement is the cornerstone of the contemporary quality revolution (George and Weimerskirch, 1994;
National Institute of Standards and Technology, 2003). The expected positive relationship between quality
improvement and customer satisfaction is consistent with the rational expectation theory (Yi, 1990), as the
quality of products passing internal tests of reliability should affect the experience of customers who use the
products (Ahire and Dreyfus, 2000), i.e., quality improvement should lead to increasing perceived customer
satisfaction. Moreover, many leading firms such as IBM, Xerox, and 3M claim that their quality improvement
efforts contribute to increased customer satisfaction (Choi and Eboch, 1998). Improvement in the quality of the
product should also affect external customer satisfaction (Buzzell and Gale, 1989; Crosby, 1996; Hardie, 1998).

Based on the foregoing discussion, we argue that improvement in quality, in terms of reduction in
scrap, rework, and defects, should affect customer satisfaction, in terms of reduced external failure costs.
Thus, we propose the following hypothesis:

H5. There is a positive association between quality improvement and customer satisfaction.

2.2.5. Cost improvement and firm profitability
Cost efficiencymeasures assess the costs per unit of output (Berman et al., 1999). According to Porter (1980),

cost improvement implies that the firm is constantly becoming more cost efficient, by improving its ability to
produce at costs lower than the competition, by emphasizing efficient-scale facilities, vigorously pursuing cost
reductions along the value chain driven by experience, tightly controlling cost and overhead, and minimizing
cost (Spanos et al., 2004). This cost improvement strategy can also provide above-average returns because it
allows thefirm to lower prices tomatch those of competitors and still earn profits. In fact, if the productmarket is
price elastic, demand will increase which may mean that both margins and the absolute amount of profits
increase (Porter, 1985; Hambrick, 1983; Porter and Millar, 1985; Miller and Friesen, 1986). Hence, cost
improvement is expected to transfer businesses' savings directly to the bottom line (Rust et al., 2002). Therefore,

H6. There is a positive association between cost improvement and firm profitability.

2.2.6. Customer satisfaction and firm profitability
Improvement in customer satisfaction is expected to result in increased revenue (Fornell, 1992; Hauser et

al., 1994). High customer satisfaction implies high loyalty of current customers, low price elasticities,
insulation of current customers from marketing efforts of competitors, and the potential to attract new
customers because of enhanced reputation and, therefore, a higher revenue potential (Fornell, 1992; Hauser
et al., 1994). In general, marketing literature suggests that customer satisfaction is an important indicator of a
firm's overall financial health, largely because it is perceived to be a key indicator of firm profitability (Babich,
1992; Rust and Zahorik, 1993; Anderson et al., 1994). Simply stated, a satisfied customerwill repeat his or her
purchases of the goods or services, increasing a firm's profits (Choi and Eboch, 1998). Thus, companies that
experience higher customer satisfactionmay earn higher profitability (Jacobs et al., 1998, 2001). Accordingly,
we test the following hypothesis:

H7. There is a positive association between customer satisfaction and firm profitability.

2.2.7. Extent of managerial IT use and firm profitability
In previous research employing the resource-based view, IT-performance analysis has focused on

verifying that IT satisfies the principles of a strategic resource, in terms of being a source of competitive
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advantage which is valuable, limited, difficult to imitate and imperfectly substitutable (Powell and
Dent-Micallef, 1997; Lado and Zhang, 1998; Bharadwaj, 2000; Meso and Smith, 2000). However, to the
contrary, other studies (e.g., Clemons and Row, 1991; Mata et al., 1995; Smith et al., 1996) suggest that,
while IT can potentially create value for customers, and thereby provide competitive advantage, IT is
viewed as a homogeneous resource and difficult to develop in a tailored, unique or heterogeneous way to
produce competitive advantage by a company. Accordingly, IT is likely to become a product which
becomes available to firms via imitation and acquisition, i.e., IT may become more like a commodity
acquisition than a resource that can, alone, produce competitive advantage. Powell and Dent-Micallef
(1997) provide an example of this reasoning by suggesting that IT used in isolation cannot be considered
as a strategic resource, but rather it is through complementary resources that IT becomes a source of
competitive advantage. The technology productivity paradox then arises (Lucas, 1999), according to which
IT is not transformed automatically into improved profitability for the companies using it (Real et al.,
2006). As a result, Mata et al. (1995) suggest that the competitive advantages of IT lie in the organization's
IT management skills and not in the technology itself. This idea has been corroborated in subsequent
studies (Bharadwaj, 2000; Teo and Ranganathan, 2003) which have highlighted the significance of human
and intangible resources. Based on the above, it would appear questionable whether an increase in the
managerial use of IT unconditionally can be expected to result in better firm performance. Therefore, the
following hypothesis is derived from this reasoning and stated in null form:

H8. The direct effect of extent of managerial IT use on firm profitability is not significant.
3. Research design and methods

3.1. Questionnaire and sample

The constructs are developed on the basis of theory and on items proposed and validated in prior
studies. From these efforts, several items are generated to measure the different aspects of the constructs.
Next, the questionnaire was evaluated by academics at three universities with expertise in IT, accounting,
manufacturing management, and marketing.

There were 26 items (Three from Compustat and twenty-three from the survey as shown in the
Appendix A) that emerged from the pilot study: five for extent of managerial IT use, four for internal
learning routines, four for external learning routines, four for cost improvement, three for quality
improvement, three for customer satisfaction, and three for profitability. The reliability of each construct
was examined via Cronbach's (1951) alpha. All were above .70 and are indicative of internal consistency
(Nunnally, 1978). Tentative evidence attesting to the unidimensionality of the constructs was provided
through factor analysis. The items used in the survey were mixed throughout the instrument mailed to the
respondents to make sure that the results were not an artifact of the sequence of the questions. Except for
the profitability measures that were from Compustat, all survey items were based on a seven-point Likert
type scale. The next step involved the collection of data through a large-scale administration.

We randomly selected 1600 manufacturing firms using the 2006–2007 Dun and Bradstreet database.5

The CEOs were used as our primary contacts. We mailed the questionnaire with self-addressed,
postage-paid envelopes for returning the completed questionnaire directly to the researchers. The
questionnaires were then to be completed by the CEO, the chief information officer (CIO) and/or chief
operating officer (COO).6 The survey cover letter promised anonymity and described the objectives of the
study. To increase the response rate, we sent follow-up letters and additional copies of the questionnaire
to those who had not responded. Within the first three weeks 586 firms responded. The second mailing
resulted in 122 responding firms. Overall, there were 598 usable firm responses which represent a 37.38%
response rate. Table 1 provides a more detailed analysis of sample firms included in the study.

Nonresponse bias is always a concern in survey research, thus to investigate the likelihood of nonresponse
bias in the data, we compared certain key attributes of respondents (firm size in terms of the total number of
employees and annual sales) to those of a group of 110 randomly selected nonrespondents. Size, asmeasured
5 We chose manufacturing firm as we believe that most of the knowledge work takes place in such organizations.
6 For precautions against retrospective biases and errors we used multiple informants.
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Table 1
Responses received.

Firms with 3 responses Firm with 2 responses Firm with single responses Total

First wave
459

88 39 586

Second wave
72

26 24 122

Total respondents
531

114 63 708

Firms with usable responses
Based on 3 responses
per firm

Based on 2 responses
per firm

433 89 76 0a 598

a Only firms with more than one respondent are included in the sample.
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by the number of employees, and sales data from Compustat and t-tests revealed no significant differences
between the mean size (t = 1.27) and the mean sales (t = 1.31). To further confirm the representativeness
of the sample, we tested for statistical differences in the responses between the early and late waves of survey
respondents, with the last wave of surveys received considered representative of nonrespondents
(Armstrong and Overton, 1977). t-Tests are performed to compare the mean scores of the early and late
responses. The t-tests yield no statistically significant differences among the survey items, providing some
assurance that the firms responding to the questionnaire are closely representative of the broader population
surveyed (Siegel, 1956).

Next, we calculated the interrespondent reliability using a Spearman–Brown interclass correlation
coefficient (Shrout and Fleiss, 1979). These results indicated that interrespondent reliability was high
across all questions in the survey (ranging from 0.70 to 0.89). Therefore, we averaged the responses for a
firm to arrive at a representation of variable values for each firm.

3.2. Construct measures

The seven constructs used in the proposed model in this study are extent of managerial IT use, internal
learning routines, external learning routines, quality improvement, cost improvement, customer satisfaction,
and firm profitability. We use a seven-point Likert scale to increase the sensitivity of the measurement
instrument and becausewe believe that this scale is appropriate for the assumptions of factor analysis used to
interpret research findings. In addition, the use of a seven-point scale is believed to be appropriate because it
is the most common scale in U.S. research (Wolak et al., 1998). The constructs and their indicators are
discussed below.

3.2.1. Extent of managerial IT use
Following Andersen (2001), we measure the extent of managerial IT use (over the past three years) on a

seven-point Likert scale (1 = never, 7 = all the time) with the following inquiries: (1) “To what extent do
managers use electronic mail, etc. to communicate with different people across the organization?”, (2) “To
what extent do managers access information and data from other parts of the firm via the computer
network?”, (3) “To what extent do managers use electronic means to exchange information with
manufacturing, engineering, and other functional areas?”, (4) “To what extent do managers use the Internet
or similar external data networks to obtainwork related information?”, and (5) “Towhat extent domanagers
use the Internet or other data interfaces to communicate with customers, suppliers, and other partners?”

3.2.2. Internal learning routines
Following Schroeder et al. (2002), we measure internal learning routines by asking respondents to

indicate their agreement on the following (over the past three years): (1) “Employees are cross-trained
so that they can fill in for others if necessary”, (2) “Employees receive training to performmultiple tasks”,
(3) “Management takes all product and process improvement suggestions seriously”, and (4) “Many
Please cite this article as: Maiga AS, et al, Extent of managerial IT use, learning routines, and firm
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useful suggestions are implemented”. Responses are required using a seven-point Likert-scale (1 = strongly
disagree, 7 = strongly agree).

3.2.3. External learning routines
Following Schroeder et al. (2002), respondents were asked to provide ratings on the following four items

using a seven-point Likert-scale (over the past three years) (1 = strongly disagree, 7 = strongly agree):
(1) “We strive to establish long-term relationships with suppliers”, (2) “We maintain close communication
with suppliers about quality considerations and design changes”, (3) “Our customers give us feedback on
quality and delivery performance”, and (4) “Our customers are actively involved in the product design
process”.

3.2.4. Quality improvement
Based on Dawson and Patrickson (1991) and Ahire (1996), quality performancewasmeasured using four

indicators: (1) “scrap rate”, (2) “rework rate”, (3) “defect rate”, and (4) “internal (before shipping) product
reliability”. Respondents were asked to report improvement in these indicators over a three-year time frame
using a seven-point Likert scale (1 = “Extremely low improvement,” 7 = “Extremely high improvement”).

3.2.5. Cost improvement
Wemeasure cost improvement using four categories of cost borrowed from the literature (e.g., Ittner et al.,

2002): materials cost, labor cost, overhead cost, and non-manufacturing cost. Respondents were asked to
indicate the level of improvement in these items over the past three years using a seven-point Likert-scale
(1 = “Extremely low improvement,” 7 = “Extremely high improvement”).

3.2.6. Customer satisfaction
Following previous studies (e.g., Sim and Killough, 1998; Ahire and Dreyfus, 2000) customer satisfaction

was measured using three items. Respondents were asked to provide, on a seven-point Likert scale (1 =
“very low decline”, 7 = “very high decline”), information on the extent to which each of the following has
declined over the past three years: (1) “number of product or warranty claims”, (2) “number of product
litigations”, and (3) “number of customer complaints”.

3.2.7. Firm profitability
In this study, we assess firm profitability as measured by three-year average of each of the following:

return on sales (ROS)— net income before corporate expenses divided by sales; turnover on assets (TOA) —
sales divided by total assets; and return on assets (ROA). These three measures were obtained from
Compustat. Although interdependent, ROA and ROS reflect different determinants of a business success or
failure (Kinney andWempe, 2002). For example, Atkinson et al. (2001) describe asset turnover as a measure
of productivity — the ability to generate sales with a given level of investment — and ROS as a measure of
efficiency— the ability to control costs at a given level of sales activity.7

4. Results

In this section,we first present the descriptive statistics and thenwe examine the researchmodel depicted
in Fig. 1 using structural equation modeling with a two-stage model-building process (Joreskog and Sorbom,
1993; Hair et al., 1995; Maruyana, 1998), in which the measurement model is tested before testing the
structural model. The measurement model specifies how hypothetical constructs are measured in terms of
observed variables (Pijpers et al., 2001; Tan, 2001), while the structural model depicts the hypothesized
relationships between latent constructs. Hence, we examine the measurement model first, followed by the
structural model.
7 The DuPont analysis disaggregates return on assets (ROA) into profit margin and asset turnover. Disaggregating ROA into asset
turnover and profit margin improves the accuracy of forecasting future profitability (Fairfield and Yohn, 2001Page: 26).
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4.1. Descriptive statistics

Table 2 provides descriptive information about the sample of firms and respondents used in this study.
Panel A of Table 2 provides the profile of the responding companies, showing that they constitute a broad
spectrum of manufacturers as defined by the two-digit SIC code. The sample composition has the largest
representation in electronic and electrical equipment (13.21%), chemical and allied products (11.87%),
apparel and other textile products (9.20%), food and kindred products (8.53%), paper and allied products
(8.53%) followed by instruments and related products (7.69%) and primarymetal industries (6.86%). The size
of the companies represented in the sample is measured by the average number of employees, which is 1841,
andmean sales which is $11.62 million. Additional information on respondents' characteristics is provided in
Panel B of Table 2. Answers to the question regarding number of years at present position showed that the
respondents have a mean of 13.17 years in their current position. To the number-of-years-in-management
question, respondents indicated a mean of 17.24 years. It appears from their positions and tenure that the
respondents are knowledgeable and experienced, have access to information upon which to provide reliable
perceptions, and are otherwise well qualified to provide the information required.

Table 2, Panel C reports the mean, standard deviations, minimum and maximum of the construct items
used in the study.

4.2. Measurement and structural model methods

The measurement model is tested first, followed by testing the structural model. This is done to avoid the
possible interactions between the measurement and structural models. In addition, confirmatory factor
analysis (CFA) is performed on a covariance matrix using maximum likelihood estimation and on the entire
set of items simultaneously (Anderson and Gerbing, 1988). Convergent validity is assessed by examining the
significance of individual item loadings through t-tests. The overall fit of a hypothesized model is assessed
using fit indices such as the ratio of chi-square to degrees of freedom, Bentler and Bonnet's (1980) normed fit
index (NFI), Bentler's (1980) comparative fit index (CFI), James et al. (1982) goodness-of-fit index (GFI), and
Steiger and Lind's (1980) rootmean square error of approximation (RMSEA). Discriminant validity is assessed
by comparing the average variance extracted (AVE) to the squared correlation between constructs (Fornell
and Larcker, 1981). Reliability estimation is tested last because in the absence of a valid construct, reliability
may not be relevant (Koufteros, 1999). To test hypotheses, a structural model is evaluated, and if the model
fits the data adequately, the t-values of the structural coefficients (i.e., γ and β) can be used to test the
research hypotheses.

4.2.1. Measurement model
The posited measurement model is supported by various fit indices. The fit indices, along with t-values,

provide evidence of convergent as well as discriminant validity (Table 4). The ratio chi-square to degrees of
freedom results in a ratio of 2.57. The CFI was 0.93 and NFI is 0.92, whereas the GFI is 0.90 and the RMSEA is
0.058. All of the items have statistically significant relationships with their factors. All factor loadings are
above 0.70 and most above 0.80. The significance of the t-values (Table 3) associated with factor to item
loadings exceeds the critical value at the .05 significance level.

Table 4 provides the correlations among the constructs, composite reliabilities, and average variance
extracted (AVE). Evidence of discriminant validity is provided by comparing the squared correlation of two
constructs against their individual AVE. The squared correlations are lower than their corresponding AVE for
the latent variables. The composite reliabilities and AVE estimates for each construct exceed customary
acceptable levels. Overall, there is comforting support for the models to allow proceeding with an evaluation
of the structural model and hypotheses testing.

4.2.2. Structural model
The overall structural model fit appears to be reasonable (e.g., chi-square to degrees of freedom = 2.73,

GFI = 0.96, NFI = 0.92, CFI = 0.94, and RMSEA = 0.039) (Table 5), and we proceed with testing of
hypotheses. Next, we examine the standardized parameter estimates for our model by using the significance
of individual path coefficients to evaluate the hypotheses. Hypotheses H1a and H1b state that extent of
managerial IT use is associatedwith both internal learning routines and external learning routines. The results
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Table 2
Respondents' characteristics.

Panel A: Industry classification

SIC Number of firms in
sample (n = 598)

% of sample

Food and kindred products 20 51 8.53
Textile mill products 22 36 6.02
Apparel and other textile products 23 55 9.20
Lumber and wood products 24 4 0.67
Furniture and fixtures 25 18 3.01
Paper and allied products 26 51 8.53
Chemicals and allied products 28 71 11.87
Petroleum and coal products 29 13 2.17
Rubber and plastics products 30 23 3.85
Stone, clay and glass products 32 9 1.51
Primary metal industries 33 41 6.86
Fabricated metal products 34 39 6.52
Industrial machinery and equipment 35 25 4.18
Electronic, electrical equipment 36 79 13.21
Transportation equipment 37 37 6.19
Instruments and related products 38 46 7.69
Total 598 100

Panel B: Other characteristic of respondents

Mean Standard
deviation

Minimum Maximum

Length at present position (years) 13.17 2.97 8 17
Length in management (years) 17.24 3.93 14 21
Number of employees 1841 209 621 1671
Sales (millions) 11.62 193.12 4.11 263.43

Panel C: Mean, standard deviation, minimum, maximum

Construct Mean Standard
deviation

Minimum Maximum

Extent of managerial IT use
To what extent do managers use electronic mail, etc. to communicate
with different people across the organization? (IT1)

5.67 1.03 1.17 6.31

To what extent do managers access information and data from other
parts of the firm via the computer network? (IT2)

5.32 1.12 1.32 6.12

To what extent do managers use electronic means to exchange information
with manufacturing, engineering, and other functional areas? (IT3)

5.03 1.27 1.16 5.73

To what extent do managers use the Internet or similar external data
networks to obtain work related information? (IT4)

5.34 1.31 1.06 5.41

To what extent do managers use the Internet or other data interfaces
to communicate with customers, suppliers, and other partners? (IT5)

5.01 1.03 1.13 5.16

Internal learning routines:
Employees are cross-trained so that they can fill in for others if necessary
(IL1)

4.96 1.01 1.74 5.29

Employees receive training to perform multiple tasks (IL2) 4.37 1.19 1.87 6.07
Management takes all product and process improvement suggestions
seriously (IL3)

5.21 1.73 2.01 6.03

Many useful suggestions are implemented (IL4) 4.83 1.22 1.86 5.24
External learning routines

We strive to establish long-term relationships with suppliers (EL1) 5.64 1.29 2.24 6.13
We maintain close communication with suppliers about quality
considerations and design changes (EL2)

5.71 1.03 2.31 6.27

Our customers give us feedback on quality and delivery performance (EL3) 5.12 1.77 1.67 5.21
Our customers are actively involved in the product design process (EL4) 4.96 1.49 1.03 5.03

(continued on next page)
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Table 2 (continued)

Panel C: Mean, standard deviation, minimum, maximum

Construct Mean Standard
deviation

Minimum Maximum

Quality improvement
Finished product first-pass quality yield in percentage terms (QI1) 5.17 1.28 2.13 5.39
Scrap cost as a percentage of sales (QI2) 4.73 1.02 2.03 5.56
Rework cost as a percentage of sales (QI3) 5.23 1.37 1.79 5.03

Cost improvement
Direct materials costs (CI1) 3.93 1.01 1.13 5.32
Direct labor costs (CI2) 5.38 1.15 1.24 5.38
Overhead costs (CI3) 4.23 1.06 1.71 5.34
Non-manufacturing costs (CI4) 4.61 1.26 1.79 5.07

Customer satisfaction
There has been a steady decline in the number of warranty claims
over the last three years (CS1)

4.56 1.18 1.73 5.79

There has been a steady decline in the number of product
litigation claims over the last three years (CS2)

5.43 1.05 2.16 6.03

There has been a steady decline in the number of customer
complaints over the last three years (CS3)

5.33 1.62 1.93 6.17

Profitability
Return on sales (net income before corporate expenses divided by sales)
(P1)

0.02 0.03 0.02 0.07

Turnover on assets (sales divided by total assets) (P2) 1.61 0.51 0.93 2.12
Return on assets (net income before corporate taxes divided by total assets)
(P3)

0.04 0.02 0.002 0.08
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support these hypotheses (Table 5 and Fig. 2). Specifically, higher levels of IT use are associated with both
higher levels of internal learning routines (γ1,1 = 0.13, t = 3.12) and external learning routines (γ2,1 =
0.19, t = 4.71). IT use may be necessary if both internal and external learning routines are to materialize at
significant levels.

Internal learning routines are hypothesized to be associated with quality improvement (H2a) and cost
improvement (H2b). The results indicate that internal learning routines has a statistically significant and
positive relationship with quality improvement (β3,1 = 0.19, t = 3.27) and cost improvement (β4,1 = 0.48,
t = 13.12). Similarly, external learning routines are hypothesized to affect quality improvement (H3a) and
cost improvement (H3b). The results indicate that external learning routines has a statistically significant and
positive relationship with quality improvement (β3,2 = 0.21, t = 3.71) and cost improvement (β4,2 = 0.14,
t = 3.19). Businesses that possess the ability to learn rapidly about their markets and act on that information
are best positioned to achieve competitive advantage (Day, 1993, 1994; Slater and Narver, 1994, 1995;
Tuominen et al., 1997). Hence, the contributions of both internal and external learning routines in enhancing
firm operational performance cannot be ignored.

Hypotheses H4 and H5 suggest that quality improvement is associated with both cost improvement
and customer satisfaction. The data support these assertions and indicate that higher levels of quality
improvement are related to higher levels of cost improvement (β4,3 = 0.23, t = 4.92) and customer
satisfaction (β5,3 = 0.26, t = 5.21).

Hypothesis H6 argued for a positive association between cost improvement and firm profitability.
Similarly, H7 suggests that customer satisfaction has a significant positive effect on firm profitability.
These hypotheses are strongly supported. Higher levels of cost improvement and customer satisfaction are
associated with higher levels of profitability (β6,5 = 0.17, t = 3.47 and β6,4 = 0.21, t = 3.79, respectively).
This suggests that both cost improvement and quality improvement may be indispensable in the quest for
firm profitability. Thus, H1a through H7 are supported.

Table 4 shows that the relationship between extent of managerial IT use and profitability has a
significant correlation (0.09, p b 0.10). However, after controlling for the indirect effect of 0.02 (t = 1.99),
the direct effect of 0.01 is not significant (t = 1.13). This means that the effect of extent of managerial IT
use on profitability is indirect through intervening variables. Therefore, H8 is supported. Table 5 and Fig. 2
show the estimates of the direct and indirect path coefficients.
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Table 3
Analysis of measurement model.

Construct Standardized loading t-Value

Extent of managerial IT use
To what extent do managers use electronic mail, etc. to communicate with different people
across the organization? (IT1)

0.73 21.65

To what extent do managers access information and data from other parts of the firm via
the computer network? (IT2)

0.81 24.87

To what extent do managers use electronic means to exchange information with
manufacturing, engineering, and other functional areas? (IT3)

0.76 21.53

To what extent do managers use the Internet or similar external data networks to obtain
work related information? (IT4)

0.87 26.71

To what extent do managers use the Internet or other data interfaces to communicate
with customers, suppliers, and other partners? (IT5)

0.85 –a

Internal learning routines
Employees are cross-trained so that they can fill in for others if necessary (IL1) 0.75 20.79
Employees receive training to perform multiple tasks (IL2) 0.97 29.63
Management takes all product and process improvement suggestions seriously (IL3) 0.86 25.76
Many useful suggestions are implemented (IL4) 0.81 –a

External learning routines
We strive to establish long-term relationships with suppliers (EL1) 0.83 25.16
We maintain close communication with suppliers about quality considerations and
design changes (EL2)

0.91 31.42

Our customers give us feedback on quality and delivery performance (EL3) 0.96 35.07
Our customers are actively involved in the product design process (EL4) 0.87 –a

Quality improvement
Finished product first-pass quality yield in percentage terms (QI1) 0.84 31.51
Scrap cost as a percentage of sales (QI2) 0.81 25.87
Rework cost as a percentage of sales (QI3) 0.97 –a

Cost improvement
Direct materials costs (CI1) 0.85 27.41
Direct labor costs (CI2) 0.79 24.68
Overhead costs (CI3) 0.84 27.23

Non-manufacturing costs (CI4) 0.81 –a

Customer satisfaction
There has been a steady decline in the number of warranty claims over the last three
years (CS1)

0.83 27.08

There has been a steady decline in the number of product litigation claims over the last
three years (CS2)

0.72 21.69

There has been a steady decline in the number of customer complaints over the last three
years (CS3)

0.85 –a

Profitability
Return on sales (net income before corporate expenses divided by sales) (P1) 0.84 27.21
Turnover on assets (sales divided by total assets) (P2) 0.89 28.13
Return on assets (net income before corporate taxes divided by total assets) (P3) 0.82 –a

Fit indices: χ2/df = 2.35, GFI = 0.91, NFI = 0.92, CFI = 0.94, IFI = 0.94, and RMSEA = 0.037.
a Indicates a parameter is fixed at 1.0 in the original solution.
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Next, in addition to testing H8, we also test the non-hypothesized paths by performing between-model
comparisons using the χ2 difference test recommended by Bollen (1989) and others (e.g., Hayduk, 1987;
Joreskog and Sorbom, 1993; Medsker et al., 1994), along with differences in the fit indices (Anderson and
Gerbing, 1988; Medsker et al., 1994) to evaluate the relative fit of our best-fitting model and the non-nested
alternative model. The χ2 difference test examines the gain in predictive power of one nested model over
another one in terms of change in χ2.

The following models are tested using the proposed theoretical model (model 1) as the baseline model
and tested for the significance of incremental increases in model fit due to non-hypothesized direct effects:
(2)model 2 tests the relationship between extent ofmanagerial IT use and quality improvement, (3)model 3
tests the relationship between extent of managerial IT use and cost improvement, (4) model 4 tests the
relationship between extent of managerial IT use and customer satisfaction, model 5 tests the relationship
between extent of managerial IT use and profitability, (6) model 6 tests the relationship between internal
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Table 4
Correlation, reliability, and average variance extracted.

1 2 3 4 5 6 7

(1) Extent of managerial IT use 1
(2) Internal learning routines 0.13a***, 0.02b 1
(3) External learning routines 0.17***, 0.03 0.21***, 0.03 1
(4) Quality improvement 0.11, 0.00 0.14***, 0.02 0.19***, 0.04 1
(5) Cost improvement 0.14**, 0.00 0.51***, 0.24 0.22***, 0.05 0.28***, 0.06 1
(6) Customer satisfaction 0.03*, 0.00 0.08*, 0.00 0.04*, 0.00 0.22***, 0.03 0.07*, 0.00 1
(7) Profitability (ROA) 0.09*, 0.00 0.04*, 0.00 0.07*, 0.00 0.10**, 0.00 0.16***, 0.03 0.17***, 0.01 1
Reliability 0.89 0.93 0.91 0.92 0.83 0.90 0.89
Variance extracted 0.73 0.79 0.80 0.87 0.80 0.88 0.76

For discriminant validity, average variance extracted (diagonal elements denoted b) should be larger than the square correlations
(off-diagonal elements denoted b) (Fornell and Larcker, 1981).

a Correlation [*significant at the 0.10 level, **significant at the 0.05 level, ***significant at the 0.01 level (2-tailed)].
b Square correlation.
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learning routines and customer satisfaction, (7) model 7 tests the relationship between internal learning
routines and profitability, (8) model 8 tests the relationship between external learning routines and customer
satisfaction, (9)model 9 tests the relationship between external learning routines and profitability, (10)model
10 tests the relationship between cost improvement and customer satisfaction, and (11) model 11 tests the
relationship between quality improvement and profitability.

Results in Table 6 indicate that none of the χ2 difference tests is significant at the .05 level, suggesting
none of the fit indices of the alternative models show an improvement over the proposed theoretical
model, thereby reinforcing our finding that the theoretical model is the best-fitting model. In addition,
there are no significant paths between the variables that are not originally identified that would further
explain the impact on performance. Hence, we do not include any additional paths in a fully saturated
model. The results support our contention that both quality improvement and cost improvement are
intervening variables that mediate the relationships between the IT use and profitability. The results also
support prior studies that suggest that there is no direct connection between extent of managerial IT use
and performance (Banker and Kauffman, 1988; Floyd and Woolridge, 1990; Mahmood and Soon, 1991;
Zahra and Covin, 1993; Kettinger et al., 1994; Hitt and Brynjolfsson, 1996; Powell and Dent-Micallef, 1997;
Makadok, 2001). Rather, the impact of extent of managerial IT use on performance is achieved through
Table 5
Structural path coefficients.

Path Direct effects (t-value) Indirect effects (t-value)

Extent of managerial IT usage → internal learning routines 0.13 (3.12) –

Extent of managerial IT usage → external learning routines 0.19 (4.71) –

Extent of managerial IT usage → quality improvement – 0.65 (7.94)
Extent of managerial IT usage → cost improvement – 0.11 (2.32)
Extent of managerial IT usage → customer satisfaction – 0.02 (1.91)
Extent of managerial IT usage → profitability 0.01 (1.13) 0.02 (1.99)
Internal learning routines → quality improvement 0.19 (3.27) –

Internal learning routines → cost improvement 0.48 (13.12) 0.04 (2.65)
Internal learning routines → customer satisfaction – 0.05 (3.01)
Internal learning routines → profitability – 0.09 (5.92)
External learning routines → quality improvement 0.21 (3.71) –

External learning routines → cost improvement 0.14 (3.19) 0.05 (3.93)
External learning routines → customer satisfaction – 0.06 (5.76)
External learning routines → profitability – 0.02 (1.95)
Quality improvement → customer satisfaction 0.26 (5.21) –

Quality improvement → cost improvement 0.23 (4.92 –

Quality improvement → profitability – 0.09 (2.23)
Cost improvement → profitability 0.17 (3.47) –

Customer satisfaction → profitability 0.21 (3.79)

Fit indices: χ2/df = 2.73, GFI = 0.96, NFI = 0.92, CFI = 0.94, and RMSEA = .039.
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Fig. 2. Structural model path coefficients and significance.

15A.S. Maiga et al. / International Journal of Accounting Information Systems xxx (2013) xxx–xxx
intermediate organizational capabilities (Sambamurthy and Zmud, 1994; Barua and Mukhopadhyay,
2000; Sambamurthy et al., 2003). Therefore, H8 is supported.

4.3. Further analyses

While IT can affect firm financial performance via learning routines and in other ways that enhance
competitive advantages, as noted earlier, these results could differ between industries. For example, Summers
(2005) argue that the widespread adoption of IT enabled fundamental changes in the nature of production
and distribution processes, and their relationship to final sales, especially for durable goods, suggesting
differences in the way IT impacts durable and nondurable goods industries. Therefore, the question is
whether the structural relationships depicted in the research model (Fig. 1) are invariant across the two
industry groups suggested by Summers (2005). To ascertain whether the structural relationships are
invariant, it is important, however, to first establish measurement model invariance using the two industry
sub-samples (i.e., durable and nondurable goods industries).

The additional analyses called for a differential effect on the pattern of linkages in Fig. 1 according to
industry groups. The χ2 (876.33) of a baseline model (Model 1) with 321 degrees of freedomwas compared
against the χ2 (908.14) for a model (Model 2) that specified invariance for the Λx and Λy matrices with 339
degrees of freedom (see Table 7). Next, the model was estimated by constraining the number of factors and
the factor loadings for the specific items defining each factor across the two manufacturing groups to be
Table 6
Results for model comparison Tests.

Δχ2 GFI NFI CFI IFI RMSEA Significance

1. Model 1 (theoretical model) – 0.96 0.92 0.94 0.92 0.03 s.⁎
2. Extent of managerial IT use–quality improvement 1.10 0.92 0.93 0.91 0.91 0.04 n.s.⁎⁎
3. Extent of managerial IT use–cost improvement 1.03 0.89 0.91 0.89 0.91 0.07 n.s.
4. Extent of managerial IT use–customer satisfaction 1.27 0.91 0.91 0.91 0.92 0.05 n.s.
5. Internal learning routines–customer satisfaction 1.27 0.92 0.91 0.91 0.91 0.06 n.s.
6. Internal learning routines–profitability 1.19 0.90 0.91 0.92 0.92 0.06 n.s.
7. External learning routines–customer satisfaction 1.08 0.89 0.91 0.93 0.91 0.09 n.s.
8. External learning routines–profitability 1.17 0.90 0.89 0.91 0.90 0.06 n.s.
9. Cost improvement–customer satisfaction 1.13 0.92 0.90 0.92 0.91 0.07 n.s.
10. Quality improvement–profitability 1.07 0.90 0.88 0.90 0.89 0.06 n.s.

⁎ s = significant.
⁎⁎ n.s. = not significant.
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Table 7
Invariance test across two industry groups (durable goods and nondurable goods) and path analyses.

χ2 df χ2/df NNFI CFI Nested models Δχ2 Δdf Sign. level Durable goods coeff.
(t-values)

Nondurable goods coeff.
(t-values)

1. Base model 876.33 321 2.73 0.986 0.986
2. Equal loadings 908.14 339 2.68 0.984 0.986 2-1 33.19 18 ns
3. Equal loading, factor correlations 909.95 343 2.65 0.978 0.986 3-2 1.81 4 ns
4. Equal loadings, factor correlations, measurement model 922.75 366 2.52 0.979 0.984 4-3 13.20 23 ns
5. Equal loadings, factor correlations, measurement error,
structural coefficient

942.93 371 2.54 0.981 0.981 5-4 20.18 5 s

6a. Extent of managerial IT use → internal learning routines 930.11 367 2.53 0.981 0.984 6a-4 21.97 1 s 0.17 (4.38) 0.35 (1.57)
6b. Extent of managerial IT use → external learning routines 932.61 367 2.54 0.981 0.984 6b-4 9.86 1 s 0.26 (3.59) 0.11 (1.38)
6c. Internal learning routines → quality improvement 925.47 367 2.52 0.981 0.984 6c-4 2.72 1 s 0.48 (2.01) 0.37 (0.89)
6d. External learning routines → quality improvement 933.37 367 2.54 0.981 0.984 6d-4 10.62 1 s 0.09 (5.23) 0.27 (1.21)
6e. Internal learning routines → cost improvement 933.82 367 2.54 0.981 0.984 6e-4 11.07 1 s 0.27 (3.93) 0.04 (1.03)
6f. External learning routines → cost improvement 925.23 367 2.52 0.981 0.984 6f-4 2.48 1 s 0.15 (3.45) 0.54 (0.86)
6g. Quality improvement → cost improvement 923.78 367 2.52 0.981 0.984 6g-4 1.03 1 ns 0.15 (3.32) 0.10 (2.14)
6h. Quality improvement → customer satisfaction 924.01 367 2.52 0.981 0.984 6h-4 1.26 1 ns 0.38 (5.38) 0.21 (4.39)
6i. Cost improvement → profitability 923.96 367 2.52 0.981 0.984 6i-4 1.21 1 ns 0.29 (6.10) 0.13 (4.28)
6j. Customer satisfaction → profitability 924.22 367 2.52 0.981 0.984 6j-4 1.47 1 ns 0.15 (3.84) 0.07 (2.98)
6k. Extent of managerial IT use → profitability 924.31 367 2.52 0.981 0.984 6k-4 1.56 1 ns 0.35 (1.15) 0.29 (1.04)

s = significant and ns = not significant.
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invariant. The χ2 difference test (that enables one to compare amore constrainedmodel to a less constrained
one— i.e., Model 2 compared toModel 1) did not result in a deterioration ofmodel fit (χ2

M2 − χ2
M1 = 33.19

with 15 degrees of freedom, p > 0.10). Thus, there is no evidence to indicate that the same factors and factor
loadings for specific items defining each factor were different for durable and nondurable goods industries.

Further, another model was tested by constraining the number of factors, the factor loadings, as well
as the factor inter-correlations across the twomanufacturing groups to be the same. The results provided
a χ2 of 909.95 with 343 degrees of freedom and indicated that the additional constraints imposed in this
model (Model 3) did not result in model fit deterioration over Model 2 (χ2

M3 − χ2
M2 = 2.65 with 4

degrees of freedom, p > 0.10), thereby implying that durable and nondurable goods industries do not
differ in terms of their factors, factor loadings, and factor inter-correlations proposed in Fig. 1.

In order to test for equality of measurement error (i.e., error variance) across the two groups, a fourth
constrained model was estimated. This constrained model specified the same factor structure, with equal
factor loadings, factor correlations, and error variances across the two groups. This model (Model 4)
provided a χ2 of 922.75 with 366 degrees of freedom and indicated that the additional constraints imposed
on this model (i.e., the equal measurement errors or error variances) led to a non-statistically significant
fit over Model 3 (χ2

M4 − χ2
M3 = 13.20 with 23 degrees of freedom and a p > 0.10), thereby implying

that small and large firms do not differ in terms of number of factors, factor loading, factor correlations,
and measurement error. On the aggregate, data analyses suggest that the measurement model is invariant
across the durable and nondurable goods industries.

The next set of analyses involved testing for the invariance of the structural coefficients (i.e., the Β's and Γ's
in themodel). This model (Model 5) provided a χ2 value of 942.93 with 371 degrees of freedom and indicated
that the additional constraints imposed led to a statistically significant deterioration of model fit (χ2

M5 −
χ2

M4 = 20.181 with 5 degrees of freedom and a p ≤ 0.001). It appears that there were at least some
differences in path coefficients across durable and non-durable goods industry. As such, a search procedure
was followed in order to identify exactly which path coefficients were different for the two groups considered.

In order to identify which path coefficients are different across groups, testing involved simultaneously
testing two models at a time, i.e., Model 4 and one other model from Table 7 that shows a path coefficient as
invariant. This involved the testing of two models at a time: Model 4 and one in which one path coefficient at a
time is specified as invariant (Table 7). Thus, the difference in degrees of freedom between each set of two
models was one, noting that χ2 differences (Δχ2) greater than 3.84 are statistically significant at an alpha of .05.
This was the case for six coefficients. The γ coefficient that describes the relationship between extent of
managerial IT use and internal learning routines was different (χ2 difference = 21.97). Also, the relationship
between extent of managerial IT use and external learning routines was different (χ2 difference = 9.86). It
appears that extent ofmanagerial IT usewasmore conducive for both internal and external learning routines for
durable goods firms (t = 4.38, p b .01, t = 3.69, p b 0.01, respectively) but was a weak predictor of both
internal and external learning routines for nondurable goods firms (t = 1.57, p > 0.10, and t = 1.38, p > 0.10,
respectively).8

Similarly, the γ coefficient that describes the relationship between internal learning routines and quality
improvement was different (χ2 difference = 2.72). The relationship between internal learning routines and
cost improvementwas also different (χ2 difference = 11.07). Thus, the implication from these findings are that
internal learning routines was more conducive for quality improvement and cost improvement for durable
goods firms (t = 2.01, p b 0.01, and t = 3.93, p b 0.01, respectively), but was not a significant predictor of
quality improvement and cost improvement for nondurable goods firms (t = 0.89, p > 0.10, and t = 1.03,
p > 0.10, respectively). Also, theγ coefficient that describes the relationship between external learning routines
and quality improvement was different (χ2 difference = 10.62). The relationship between external learning
routines and cost improvement was also different (χ2 difference = 2.48), suggesting that external learning
routines was more conducive for quality improvement and cost improvement for durable goods firms (t =
5.23, p b 0.01, and t = 3.45, p b 0.01, respectively), but was not a significant predictor of quality improvement
and cost improvement for nondurable goods firms (t = 1.21, p > 0.10, and t = 0.86, p > 0.10, respectively).

However, the effect of quality improvement on cost improvement was not sample specific (χ2

difference = 1.03). The effect was statistically significant for both durable and nondurable goods firms
8 Ordinarily, durable goods manufacturing includes the IT-producing sector (Dedrick et al., 2003).
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(t = 3.32, p-value b 0.01 and t = 2.13, p b 0.05, respectively). Also, the effect of quality improvement on
customer satisfactionwas not sample specific (χ2 difference = 1.26). The effectwas statistically significant for
both durable and nondurable goods firms (t = 5.38, p b 1 and t = 4.39, p b 0.01, respectively). Furthermore,
the effect of cost improvement on profitability was not sample specific (χ2 difference = 1.21) because the
effect was statistically significant for both durable and nondurable goods firms (t = 6.10, p b 0.01 and t =
4.28, p b 0.01, respectively). Results also indicated that relationship between customer satisfaction and
profitability was specific to industry group (χ2 difference = 1.47), and the relationship was significant for
both groups (t = 3.84, p b 0.01 and t = 2.98, p b 0.05, respectively). Finally, the direct relationship between
extent of managerial IT use and profitability was not industry group specific (χ2 difference = 1.56), and the
relationshipwas not significant for both groups (t = 1.15, p > 0.10 for durable goods, and t = 1.04, p > 0.10
for nondurable goods). Hence, the analysis reveals that industry moderates the relationship among the
variables under study, and that the effects are in general more pronounced for durable goods firms.

5. Conclusions

This research points to the need for an integrated theory to explain how the use of IT may be mobilized to
positively affect firm profitability. Although several different theoretical perspectives from a variety of
disciplines address specific aspects of this subject, the field lacks adequate organizational control theory to fully
address these critical business issues. Recently, scholars have directed increased attention to understanding
how ITmay impact performance. By reviewing the literature, developing amodel, and identifying key variables
as well as relationships, we provide another step toward more completely understanding this topic.

The results of this study indicate that greater managerial IT use is associated with internal and external
learning routines, that is, firms that reported high levels ofmanagerial IT use also reported high levels of both
internal and external learning routines. Furthermore, high levels of learning routines (internal and external)
are related to improved quality and costs. This suggests that internal actors (employees) of the firm quickly
understand that for a firm to be competitive, it is necessary to implement both internal and external learning
routines. The fact that learning (internal and external learning routines) is significantly related to quality and
cost improvements provides further support for the robustness of the knowledge-based view. This is
consistent with Zahra et al. (2000) who argue that increases in knowledge strengthen other core
competencies and may therefore lead to greater efficiencies. The implementation of internal and external
learning routines appear to be a key mechanism by which collaboration is leveraged for the development of
quality and cost efficiencies. A firm possessing these knowledge capabilities can shield itself from competitive
imitation since such capabilities are developed over time and are deeply embedded in organizational
routines, providing the basis for sustained competitive advantage (Barney, 1991; Bharadwaj, 2000).

This study shows that leveraging IT impacts both internal and external learning routines; and by
exploiting this knowledge, firmsmay control the accomplishment of strategic and entrepreneurial objectives
in the forms of quality and cost efficiencies. This study also provides strong evidence to suggest that quality
efforts generate a greater predisposition for improved costs and customer satisfaction which can lead to the
desired effect of increased profitability. Our findings support the view that IT applications affect firm
performance by enabling other business processes and capabilities, which in turn may affect firm
performance (Mithas et al, 2005, p. 206). The findings are also in support of the dual emphasis that argues
that financial benefits accrue to firms from simultaneous cost reductions via efficiencies and revenue
enhancements via customer satisfaction improvements (Rust et al., 2002). Thesefindings are important given
the widespread belief that successful firms must focus either on quality or low costs (Porter, 1980). Firms
following such an approach are less likely to realize anticipated long-term economic returns than firms that
also strive to be efficient (Rust et al., 1995). Further analyses indicate that industry groupmay be important in
understanding relationships among the variables under study as implied by Summers (2005).

It is interesting to note the differences found in this study between durable and non-durable industries
concerning extent of managerial IT use, learning routines and firm performance, and several explanations are
possible. One possibility is that managers use different types of IT systems in durable versus non-durable
industries, which vary in terms of how conducive they are for learning routines. A second explanation would
be that IT skills tend to be greater among managers in durable industries, thus enabling them to reap greater
benefits from using the systems. Thirdly, it could be that firms in durable goods show greater propensity to
organize their operations according to horizontal, value chain thinkingwhich can boost the value gained from
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managerial IT use. While there are other possibilities, it is also conceivable that these explanatory factors are
related to each other.

However, the limitations of this study should be noted. First, this study was limited to manufacturing
firms, although it has been conjectured that the specific contexts of each firm may influence business
processes that impact the relationships of the variables included in this study (Yao et al., 2010). Future studies
conducted in other thanmanufacturing settings may also shed light on the generalizability of the theoretical
positions developed here. Second, this study operationalizes IT use in terms of the extent to which computer
networks are used. Even if there is some recent evidence suggesting that control systems mediate the
relationship between IT systems and performance (Kallunki et al., 2011), there is a need for more future
studies which control for other types of IT use (e.g., ERP, CREM systems). Third, surveys are not without
disadvantages because surveys measure beliefs, which may not always coincide with actions (Graham et al.,
2005), and they lackmanipulation (Krumwiede, 1998). Therefore, “cause” cannot be inferred from this study.
In addition, the survey method, as presented, does limit the use of open-ended questions and face-to-face
data gathering and the richness such data might provide. Fourth, this study relied on cross-sectional data,
thus, lacks the richer implications that longitudinal data could provide. Collecting longitudinal data can offer
richer implications. Fifth, this study has used a limited set of variables in themodel to test the consequences of
IT use. Also, future studies may incorporate environmental variables and firm characteristics such as market
position, rigidities in cost structures (e.g., labor contracts)which affect a firm's strategic options and therefore
firm's potential to derive benefits from IT investment. Sixth, even though we used the structural equations
method, interpretation of causality between the constructs should be treated with caution. Seventh, we
acknowledge that our measurement of the learning routines construct can be considered a limitation of this
study. Finally, researchmight build on this and other studies to provide a more complete understanding and
eventually an integrated theory that provides better insights into IT profitability.

Despite the above limitations, this study is important in practice as it contributes significantly to the
literature by improving our understanding of how firms can use IT to achieve profitability. The importance of
understanding how IT affects firm profitability becomesmore critical and can be better appreciated in light of
the significant percentage of capital investment that is being allocated to it (Lucas, 1999; Tippins and Sohi,
2003). Firm use of IT has become widespread and organizations continue to search for ways in which to
manage information more efficiently. However, there is little evidence of a direct effect of IT on performance
(Powell and Dent-Micallef, 1997). Results from this research suggest that managers should not focus on the
bottom line alone. Rather, managers should focus on controlling the capabilities and efficiencies associated
with IT enhanced processes and structures (e.g., learning routines), since this is where the real benefits can be
found (Tippins and Sohi, 2003). In particular, managers need to recognize the role of learning routines and
competitive advantage in realizing the value from IT resources. In addition, managers and management
accountants implementing multidimensional performance management models, such as balanced scorecard
(e.g., Kaplan and Norton, 1992) may benefit from considering IT in that context. Specifically, greater IT use
may boost the desired cause/effect-relationships between learning, internal, customer and financial
perspectives associated with balanced scorecard. As the resource-based view argues, IT resources offer
benefits when they are embedded in specific organizational processes (Barney, 1991).

Appendix A

Extent of managerial IT use (Andersen, 2001)
Please indicate the extent to which you agree (disagree) with the following:

Never All the time

(1) To what extent do managers use electronic mail, etc. to
communicate with different people across the organization?

1 2 3 4 5 6 7

(2) To what extent do managers access information and data from
other parts of the firm via the computer network?

1 2 3 4 5 6 7

(3) To what extent do managers use electronic means to exchange
information with manufacturing, engineering, and other functional
areas?

1 2 3 4 5 6 7

(continued on next page)
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(continued)

Extent of managerial IT use (Andersen, 2001)

Please indicate the extent to which you agree (disagree) with the following:

Never All the time

(4) To what extent do managers use the Internet or similar external
data networks to obtain work related information?

1 2 3 4 5 6 7

(5) Towhat extent domanagers use the Internet or other data interfaces
to communicate with customers, suppliers, and other partners?

1 2 3 4 5 6 7

Internal learning routines (Schroeder et al., 2002)

Please indicate the extent to which you agree (disagree) on the following over the last three years:

Strongly
disagree

Strongly
agree

(1) Employees are cross-trained so that they can fill in for others if
necessary

1 2 3 4 5 6 7

(2) Employees receive training to perform multiple tasks 1 2 3 4 5 6 7
(3) Management takes all product and process improvement
suggestions seriously

1 2 3 4 5 6 7

(4) Many useful suggestions are implemented 1 2 3 4 5 6 7

External learning routines (Schroeder et al., 2002)

Please indicate the extent to which you agree (disagree) on the following over the last three years:

Strongly
disagree

Strongly
agree

(1) We strive to establish long-term relationships with suppliers 1 2 3 4 5 6 7
(2) We maintain close communication with suppliers about quality
considerations and design changes

1 2 3 4 5 6 7

(3)Our customers give us feedback on quality anddelivery performance 1 2 3 4 5 6 7
(4) Our customers are actively involved in the product design process 1 2 3 4 5 6 7

Quality improvement (Ittner et al., 2002)

Please indicate the extent to which your firm has experienced improvement in quality over the last three years

Extremely low
improvement

Extremely high
improvement

(1) Finished product first-pass quality yield in percentage terms 1 2 3 4 5 6 7
(2) Scrap cost as a percentage of sales 1 2 3 4 5 6 7
(3) Rework cost as a percentage of sales 1 2 3 4 5 6 7

Cost improvement (Ittner et al., 2002)

Please rate the extent to which your firm has experienced improvement in costs over the last three years

Extremely low
improvement

Extremely high
improvement

1. Direct materials costs 1 2 3 4 5 6 7
2. Direct labor costs 1 2 3 4 5 6 7
3. Overhead costs 1 2 3 4 5 6 7
4. Non-manufacturing costs 1 2 3 4 5 6 7

Customer satisfaction (Sim and Killough, 1998; Ahire and Dreyfus, 2000)

Very low
decline

Very high
decline

1. There has been a steady decline in the number of warranty claims
over the last three years

1 2 3 4 5 6 7

2. There has been a steady decline in the number of product
litigation claims over the last three years

1 2 3 4 5 6 7

3. There has been a steady decline in the number of customer
complaints over the last three years

1 2 3 4 5 6 7

Appendix A (continued)
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Please answer the following:

1. Number of years at this position? ___________
2. Number of years in management? __________
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