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Abstract The current study examined the longitudinal impact of ERP adoption on firm performance by matching 63 firms identified by Hayes et al. [J. Inf. Syst. 15 (2001) 3] with peer firms that had not adopted ERP systems. Results indicate that return on assets (ROA), return on investment (ROI), and asset turnover (ATO) were significantly better over a 3-year period for adopters, as compared to nonadopters. Interestingly, our results are consistent with Poston and Grabski [Int. J. Account. Inf. Syst. 2 (2001) 271] who reported no pre- to post-adoption improvement in financial performance for ERP firms. Rather, significant differences arise in the current study because the financial performance of nonadopters decreased over time while it held steady for adopters. We also report a significant interaction between firm size and financial health for ERP adopters with respect to ROA, ROI, and return on sales (ROS). Specifically, we found a positive (negative) relationship between financial health and performance for small (large) firms. Study findings shed new light on the productivity paradox associated with ERP systems and suggest that ERP adoption helps firms gain a competitive advantage over nonadopters. D 2003 Elsevier Science Inc. All rights reserved. Keywords: Enterprise resource planning, ERP; Firm performance; Productivity paradox; Longitudinal study
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1. Introduction Enterprise resource planning (ERP) reflects an innovative business strategy, as ERP adoption involves business process improvement, best practices implementation, intraenterprise integration and inter-enterprise coupling. ERP systems are designed to facilitate the ERP concept by replacing disparate patchworks of legacy systems across business organizations with synchronized suites of enterprise-wide applications. Potential benefits of an ERP system include productivity and quality improvements in key areas, such as product reliability, customer service, and knowledge management. As a result, ERP systems are expected to enhance market value and firm performance through efficiency and effectiveness gains. Hayes et al. (2001) offered evidence that the capital market placed incremental value on firms that adopted ERP systems, as investors reacted positively to ERP implementation announcements. Similarly, a behavioral study by Hunton et al. (submitted for publication) found that financial analysts significantly increased mean earnings forecast revisions when a firm announced plans to implement an ERP system. While both studies indicated that capital market participants believed ERP adoption would improve future firm performance, the extent to which expected returns eventually materialize remains unknown. To investigate this issue, Poston and Grabski (2001) examined the effect of ERP systems on firm performance over a 3-year period. They found a significant decrease in the ratio of employees to revenues in all 3 years, and a reduction in the ratio of cost of goods sold to revenues in year 3. However, they reported no significant improvement in the ratio of selling, general and administrative expenses to revenues, or residual income (net operating income minus imputed interest). Hence, they suggested a contradiction—while ERP systems appear to yield efficiency gains in some areas, higher offsetting cost-to-revenue increases elsewhere leave residual income unaffected. Other researchers have also observed little or no performance effects associated with increasing information technology (IT) expenditures, a phenomenon that is often referred to as the productivity paradox (e.g., Grover et al., 1998; Harris 1994; Pinsonneault, 1998). Robertson and Gatignon (1986) and Hitt and Brynjolfsson (1996) suggested another way to look at the productivity paradox; that is, to the extent that increased spending on IT yields efficiency and effectiveness improvements, firms will pass on financial gains to consumers through decreased prices in a competitive marketplace. To investigate this possibility, we examined the longitudinal impact of ERP adoption on firms by comparing financial performance indicators of adopters and nonadopters. To the extent that adopters realize and transfer financial rewards, performance of adopters might not change using a pre- to postadoption analysis; however, the performance of nonadopters would be expected to decline by comparison. As expected, our results indicate that ERP adopters performed significantly better than non-ERP adopters, primarily due to declining performance of non-ERP adopters. Further, we examined whether the financial performance of ERP-adopting firms was affected by the interaction of firm size and financial health. Theory and research evidence indicates that the performance of small/healthy firms will be greater than small/unhealthy firms, and large/unhealthy firms will be greater than large/healthy firms (Hayes et al., 2001;
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Hunton et al., submitted for publication). In accordance with the hypotheses, we found a significant interaction between firm health and size. Support for these propositions sheds new light on the productivity paradox by suggesting that performance gains and losses resulting from increased IT expenditures may be masked in aggregate, but such effects could be more precisely identified when firms are discriminated along key dimensions. The next section provides theory and develops the study hypotheses. Section 3 presents the sample selection technique and research method. The final two sections analyze study results and discuss the research findings.



2. Hypotheses formulation 2.1. ERP systems and innovation While many studies have attempted to find a positive relationship between IT investments and firm performance, for the most part, research findings have yielded nonsignificant results (e.g., Weill, 1992; Mahmood and Mann, 1993; Hitt and Brynjolfsson, 1996). As a result, researchers have yet to provide compelling evidence that IT investments equate to measurable, positive value for business organizations. However, Dos Santos et al. (1993) suggested that a more refined analysis of IT investments could provide clarity in this regard. Dos Santos et al. (1993) argued that non-innovative technologies (those that maintain the status quo) are not likely to improve a firm’s market value or financial performance, whereas innovative technologies (those that improve business processes) are expected to enhance value and performance. To empirically test their proposition, they observed the market response to IT investment announcements and found no overall effect; however, further subanalysis revealed that the market reacted positively to innovative investment announcements (Dos Santos et al., 1993). Similarly, Peffers and Dos Santos (1996) reported a positive relationship between innovative IT investments and firm performance. Hence, the lack of market and performance effects in prior studies may be due to a failure to discriminate between innovative and non-innovative investments. Drucker (1988) and Huber (1990) suggested that information technologies are considered innovative if they facilitate key business process improvements, such as 1. more accurate, comprehensive, timely, and available organizational intelligence from internal and external information sources at greatly reduced costs, 2. greater speed and accuracy in identifying problems and opportunities, 3. fewer intermediate human nodes within the organizational information-processing network, 4. reduced number of organizational levels involved in authorizing and making decisions, and 5. less time being consumed in the decision-making process. According to O’Leary (2000), ERP systems are designed to support business process improvements of this nature, thereby enhancing information quality, decision making and
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firm performance. In concept, the realization of such business process improvements is facilitated by ERP systems due to the integrated nature of enterprise-wide information via relational databases. To the extent that such improvements are not realized, much of the responsibility rests with inadequate planning and implementation of the ERP system, as the technology is capable of supporting the innovative process improvements mentioned above. Hence, while we recognize that some ERP system implementations have not coincided with business process improvements, we nevertheless categorize an ERP system as an innovative technology based on its potential in this regard. Accordingly, we expected to find significant positive effects of ERP adoption on market value and firm performance. Research evidence offered by Hayes et al. (2001) reinforces the notion that ERP systems are perceived to be innovative IT investments, as they observed a positive reaction from investors when firms announced that they were planning to implement an ERP system. In a similar study by Hunton et al. (submitted for publication), financial analysts significantly increased mean earnings forecast revisions when they learned that a firm was planning to implement an ERP system. The positive reaction of capital market participants to ERP adoption announcements reflects initial beliefs about the potential impact of ERP systems on future firm performance. However, whether ERP systems positively impact performance in the long run remains largely unanswered. 2.2. ERP systems and firm performance A recent study by Poston and Grabski (2001) investigated the impact of ERP system implementation on firm performance. They examined the post-implementation performance of 50 ERP-adopting firms over a 3-year post-implementation time horizon, after controlling for pre-implementation performance. They found no significant improvement in residual income (net operating income less imputed interest for cost of capital) or in the ratio of selling, general and administrative expenses to revenue throughout the 3-year window. However, they reported a significant decrease in the ratio of employees to revenue in each of the 3 years and a significant improvement in the ratio of cost of goods sold to revenue in year 3. Overall, they noted that ERP firms exhibited efficiency gains in some areas, but increased costs elsewhere seemed to offset such gains. Other researchers have also indicated little or no relation between IT investment and financial performance, which is often referred to as the productivity paradox (Harris, 1994). However, as suggested by Dos Santos et al. (1993), delineating between innovative and noninnovative uses of IT could offer clarity in this regard. How then could it be that Poston and Grabski (2001) examined the performance of companies that adopted an innovative IT investment (ERP system), yet found no significant gain in financial performance? While there are likely many answers to this question, one possible explanation suggested by Hitt and Brynjolfsson (1996) is that any financial gain associated with ERP adoption is passed through to customers in the form of lower prices. Robertson and Gatignon (1986) offered a similar explanation when they examined the impact of competitive factors on innovative technology diffusion. Through analytic modeling, Eliashberg and Jeuland (1986) discussed and Eliashberg and Chatterjee (1985, 1986) demonstrated that prices drop
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immediately after the adoption of innovative technologies and demand increases as a result of price sensitivity. They further indicated that the financial performance of adopters might or might not improve significantly, depending on a host of exogenous factors such as competitive intensity, industry heterogeneity, demand uncertainty, and adoption rate of competitor firms; nevertheless, the performance of nonadopters would be expected to deteriorate by comparison in a competitive marketplace. If we view ERP adoption through this lens, we would not necessarily expect to see pre- to post-adoption financial gains for ERP firms. Instead, we would anticipate the financial performance of nonadopters to decline relative to adopters. Hence, we offer the following hypothesis (alternate form): H1: Longitudinal financial performance of firms that have not adopted ERP systems will be significantly lower than ERP-adopting firms. 2.3. Financial performance indicators One way to evaluate firm performance is through financial statement analysis, which uses traditional accounting measures that are based on relationships among financial statement items. In the current study, we used four measures of performance. The first measure, return on assets (ROA), is frequently used by researchers as a measure of firm performance (e.g., Balakrishnan et al., 1996; Barber and Lyon, 1996; Barua et al., 1995; Bharadwaj, 2000; Hitt and Brynjolfsson, 1996; Weill, 1992). Since ROA incorporates both firm profitability and efficiency (Skousen et al., 1998), it tends to be a useful overall performance indicator. We purposely focused on ROA because it has been proposed that the benefits of ERP systems include improved efficiency and profitability (Brakely, 1999; Schaeffer, 1996; Stein, 1998; Vaughan, 1996; Wah, 2000). The combined effects of profitability and efficiency represented by ROA can be separated into return on sales (ROS) and asset turnover (ATO)—two secondary measures of performance used in the current study. ROS, represented as income per dollar of sales, is a measure of the firm’s profitability or margin. ATO, represented by the sales generated per dollar of assets, is a measure of asset efficiency. The last performance measure used in this study, return on investment (ROI) is included as a check on the robustness of the results using ROA, and because it has been cited as a key performance measure in the ERP implementation literature (e.g., Mabert et al., 2000; Stedman, 1999; Stein, 1998). We next examine the interaction of firm size and financial health on the financial performance of firms that adopt ERP systems. 2.4. Interaction of firm size and health: large firm effect The adoption of an ERP system by small firms is a significant undertaking, particularly with respect to the consumption of financial resources. For instance, Mabert et al. (2000) found that implementation costs, as a percent of revenue, range from 0.82% for very large firms (revenues > $5000 million) to 13.65% for very small firms (revenues 
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