SEQUENTIAL INVESTMENT IN INFORMATION TECHNOLOGY AND WORKER SKILL TO IMPROVE PERFORMANCE IN SERVICE OPERATIONS

SERVICE OPERATIONS TRACK

Abstract


Recent innovations have resulted in the creation of information technologies (IT) providing fundamental change in both manufacturing support environments and service domains. The potential of IT is profound, impacting on various performance measures including profit. Despite its potential, however, many firms have failed to realize gains from large investments in IT. A key reason for this failure is poor managerial planning of the IT-worker system in the context of the dynamic environment.

This paper introduces a formal model for the long-term planning of an IT-worker system in an environment characterized by anticipated technological change. We examine how various attributes of a firm's IT-worker system impact the firm's long term performance. In particular, we explicitly model worker skill, investment in training, and forgetting. In addition, we investigate the sequential investment in IT upgrades over time in relation to the rate of technology change and its impact on IT capability and cost.
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INTRODUCTION


Recent innovations have resulted in the creation of information technologies (IT) providing fundamental change in both manufacturing support environments and service domains. The potential of the new IT is profound, impacting on performance measures including output volume and profit.


Retail operations have been revolutionized by the introduction of sophisticated point of sale devices. Electronic cash registers employed in grocery stores and fast food restaurants automatically record prices and monitor inventory either through scanning or manual input, facilitating a faster and more accurate production process. The result is a simultaneous reduction in the number of workers required to meet demand and an improvement in service quality.

 
Similar to its impact in services, IT also impacts a variety of manufacturing related performance measures such as output volume. Manufacturers employ IT for knowledge worker support (e.g., CAD, Decision Support Systems) and clerical support (e.g., word processing, EDI, spreadsheets). Sulek and Maruchek (1992) provide empirical evidence that shows how IT enhances both the efficiency and effectiveness of managerial and clerical workers. 

PROBLEM ENVIRONMENT


Research suggests that while organizations are increasingly investing in IT, quantifiable improvements in productivity are not being achieved. Brynjolfsson (1993) describes how mismanagement of the implementation of the technology is a major contributor to unsuccessful IT investments. For example, according to Roach (1991), managers often under invest in training although worker skill is a key dimension of the "necessary infrastructure support" required for successful implementation. The issue of worker training is complicated by several studies indicating that skill may deteriorate over time. In particular, the phenomenon of forgetting or un-learning has been shown to occur in sophisticated IT-worker environments (see Bailey (l989)). 


In addition, implementation plans are often flawed because managers do not explicitly recognize that improvements to performance are not realized immediately following the introduction of the new IT. Rather, due to the learning process by workers operating the new technology as well as other start-up problems, the increase in output following the introduction of new IT is lagged. In their study of Computer Aided Design (CAD) implementation, Ebel and Ulrich (1987) refer to the lag as the running-in-phase, and state that during this period, the firm may incur unplanned expenses due to the lack of experience (and preparation) of the work force. Clearly, an implementation plan that ignores the lag will not identify the best time to introduce the IT to minimize the impact of any disruption to operations.


Lastly, technology change is a key dimension of the decision making regarding investment in IT upgrades. Due to rapid improvements in both hardware and software, vendors are offering IT upgrades at an increasing frequency over time. Given the above challenges regarding proper implementation of IT, managers must carefully identify a timing strategy for the purchase of IT upgrades (and worker training) over time. In particular, managers must consider the possibility of skipping one or more generations of IT offered by vendors.


A model is introduced here reflecting the above challenges faced by service operations managers who seek productivity improvements through the deployment of IT. A key focus is on planning for IT investment and worker training for successful implementation and long term gains. We examine how various attributes of a firm's IT-worker system impact the firm's long term performance. In particular, we explicitly model worker skill, investment in training, and forgetting. In addition, we investigate the sequential investment in IT upgrades over time in relation to the rate of technology change and its impact on IT capability and cost.

THE DYNAMIC MODEL


First, we characterize the forces that impact the aggregate level of experience of an organization's work force over time as given in Equation (1). Let t[0,T] denote time, where T is the end of the planning horizon. Let (t) denote the aggregate level of work force experience at time t. Worker forgetting reduces the aggregate level of experience over time. Moreover, the rate of forgetting at time t is proportional to the accumulated level of experience through that time (see Bailey (1989)). In contrast to forgetting which is exogenous, worker training, denoted by w(t), is under direct managerial control. Training at time t increases the experience level of the work force at that time by the amount 1[w(t),t]. The first and second order conditions of the function 1 are defined to reflect diminishing returns of additional training as well as possible improvements in training programs over time. 






(t) = 1[w(t),t] - 1(t)







Beyond determining the rate of worker training over time, the firm optimally determines the sequence of discrete times to invest in IT over the planning horizon. We incorporate the lagged improvement in a firm's performance due to investment in IT by distinguishing between the time the investment actually occurs and the time the IT increases output. Let the decision variable ti represent the time the ith investment in IT becomes operational. Let  represent the lead-time (lag) required to achieve benefits following IT introduction. Therefore, IT purchased at time ti- impacts output volume (implementation is complete) at time ti. 


Next, we must define a measure of the IT capability available over time from vendors relative to the IT currently in use by the firm. The continuous rate of change in IT capability is exogenous to the firm and reflects external developments in both software and hardware. Let R[,t] denote the rate of change in IT capabilities over time. This function can be estimated from various methods of technological forecasting. Let m(t) measure the lagged level of technological advances accumulated through time t- as compared with the firm's existing IT capabilities at time t. Equation (2a) defines the continuous increase in m(t) over time due to improvements in IT offered over time.






 







m(t) = R[,t],
 for t  ti




(2a)


The variable a(ti)[0,1] is introduced to indicate the firm's decision regarding its ith IT upgrade. If a(ti) = 1 is obtained, then an IT upgrade optimally occurs at time ti-In contrast, if a(ti)=0 is derived, then an IT upgrade is not advocated at time ti-. (Note that since a(ti) appears linearly in the model, its optimal solution satisfies a 0-1 boundary value.) For example, suppose at time ti-, an IT upgrade occurs whose implementation is complete at time ti, (a(ti)=1). At the instant of time following implementation, denoted by ti+, the extent of additional technological capability available to the firm is zero. Therefore, beyond the continuous improvement in m(t) over time as given above, a discrete reduction occurs at time ti giving us Equation (2b). 






m(ti+) = 0 
when a(ti) = 1, 
for i = 1,2,...,I

(2b)


Lastly, we must define the level of output obtained over time from the IT-worker system, denoted by p(t), with p(0) known. The level of output increases continuously over time due to worker training and decreases continuously over time due to forgetting as shown in Equation (3a). The amount of increase in output due to training at time t is given by [V(t),w(t),t], where V(t) is a measure of firm size. The decrease in output due to work force forgetting is given by the function [(t),t]0. The first and second order conditions for the functions and  reflect diminishing returns and exogenous changes over time. In addition, the first and second order conditions of measures the effectiveness of training in relation to firm size. 






 







p(t) = 2[V(t),w(t),t] - 2[(t),t], for t  ti


(3a)


Beyond continuous changes that occur over time, the level of output increases at discrete times corresponding to the completion of IT upgrades. Equation (3b) illustrates the discrete increase in the production level associated with an investment in IT at time ti-. The first and second order conditions on have various interpretations. For example, once again, we have included the impact of firm size in our formulation. 




p(ti+) = p(ti) + [V(ti),(ti),m(ti),ti]a(ti), 
i = 1,2,...,I

(3b)


The organization's objective is to maximize the total revenue from output minus the costs incurred to operate the IT-worker system over the finite planning horizon, as shown in Equation (4). Let (t) denote the revenue per unit output at time t. The rate revenue is earned by the firm may change over time. The cost of work force training is denoted by c1(V,w,t). Let c2(V,m(ti),,ti) represent the cost associated with purchasing the ith IT upgrade. If a(ti) equals zero, no IT upgrade is advocated at time ti- and the value of c2 is zero. Also, we capture the possibility of cost reductions in purchasing IT over time. Terms (iv) - (vi) denote the benefits to future planning horizons associated with the terminal time levels of experience, output volume, and technological advancement. The objective is continuously discounted at a rate . 

T
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 = {(t)p(t) - c1[V(t),w(t),t]}e-tdt - {c2[V(ti),m(ti),,ti]}a(ti)e-(ti-)
 0
 (i)
 
 (ii)

 i = 1
 (iii)


S1V(T)(T) + S2p(T) + S3m(T)}e-T



(4)


 

(iv)
 (v)
 (vi)

MANAGERIAL INSIGHTS


Results demonstrate the importance of investment in training prior to an upgrade of IT. Specifically, training improves the experience level of the work force and subsequently enhances the gain in output derived from the upgrade. Results also depict the value of training to offset the forgetting process. Moreover, results show that training is more beneficial earlier in the planning horizon since benefits are obtained over a longer period of time. 


Results are given exploring the impact of various factors on a firm's timing strategy for investment in IT. We show that a complex relationship exists between the length of the implementation lead-time and the rate of change in IT capability over time. For example, to compensate for a longer implementation lag, a firm may invest in an IT upgrade earlier in time. However, the earlier purchase means the firm acquires IT with less capability. In addition, results are given depicting the effect of poor management that leads to an increase in the operations disruption and ultimately higher costs for acquiring IT. Lastly, we describe forces that drive a firm to a timing strategy that skips an opportunity to invest in an IT upgrade. 
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