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Abstract Introduction 
The evaluation of alternative manage- 
ment information systems can aid sys- 

terns analysts determine appropriate 
information support for managers, aid 
managers to become informed partici- 
pants in the system design process, 
and aid the planning of information 
systems in response to changes in the 
firm. Synthesizing microeconomic and 
contingency theories, this paper per- 
forms a cost analysis of two popular 
manufacturing information systems. 
The relative cost-effectiveness of these 
two systems is hypothesized and then 
validated using a random survey of 
manufacturing firms across the USA. A 
logistical regression of the data pro- 
vides estimates of the relative informa- 
tion system cost-effectiveness in va- 
rious manufacturing contexts. 

The evaluation of alternative management information systems (MIS) is 
important from three perspectives; that of the information resource 

manager, that of the systems analyst, and that of the user. Such 
evaluations help information resource managers plan future MIS 
requirements, help systems analysts determine the appropriate MIS 
support for current management decision-making, and help users 
become informed participants in the system development process. This 
paper uses microeconomic production theory within a contingency 
theoretic framework to evaluate two widely used manufacturing MIS. 
The results of this evaluation provide interesting insights into the 
relative cost-effectiveness of Material Requirements Planning and 
Reorder-Point MIS in various manufacturing contexts. 

I would like to thank Burt Swanson and 
Dennis Severance for their helpful com- 
ments on earlier drafts of this paper. 

‘The American Production and Inventory 
Control Society defines production and 
inventory management as ‘The function of 
directing or regulating the orderly movc- 
ment of goods through the entire manufac- 
turing cycle from the requisitioning of raw 
materials to the delivery of the finished 
product to meet the objectives of customer 
service. minimum inventory investment, 
and maximum manufacturing efficiency 

1 MOOKE, F.C. ANLII ,1ENDKK‘K, ‘I.e. 
i 1’980). ProductionlOperutions Manuge- 
ment, 8th edn. Homewood, Ill: Richard 
D. Irwin. 
‘AGGAKWAL, 5.~. (1985). MRP, JIT, OPT, 
FMS? Making sense of production opera- 
tions systems. Harvard Business Review, 
Seplemher-October, R12. 
‘For example, WIGHI, O.W. (1974). Pro- 
duction und Inventory Murqement in the 
Computer Age, Boston, Mass.: Cahners 
Books. 

The increasing pressure upon US manufacturing firms to make their 
processes more efficient and effective makes it appropriate to place this 
MIS evaluation in a manufacturing environment. An important factor 
for improving these manufacturing processes is production and inven- 
tory management (PIM),’ and a variety of PIM information systems 
such as Material Requirements Planning (MRP) and Optimized 
Production Technology (OPT) have thus been developed to replace the 
traditional Reorder-Point based MIS. Of these new information 
systems, MRP has had the most extensive implementation.2 This paper 
focuses upon MRP and its replacement of traditional Reorder-Point 
based systems because, although extensively implemented, MRP has 
had a very significant history of failure. For example, although MRP has 
been acclaimed as making traditional Reorder-Point based systems 
obsolete,3 as Plossl notes, ‘never . . . has so much been proclaimed and 
expected and so little actually delivered’.’ While MRP is still highly 
promoted, descriptions of MRP failure abound in the literature.’ 

Most diagnoses indicate a variety of reasons for MRP failure, 
including resistance to change,” lack of software integration,’ lack of 
management understanding and commitment to MRP,X and inaccurate 
work-in-process inventory accounting.” It is hypothesized here that an 
important cause of MRP failure stems from attempts to implement 
MRP in inappropriate contexts. That is, even if there is no resistance, 
the software is appropriately designed and implemented, management 
is totally committed, and data are current and accurate, MRP will fail in 

A Contingent Cost Analysis of 
Alternative Manufacturing 
Information Systems 

R.B. COOPER 

Graduate School of Business Administration, The University of 
Michigan, Ann Arbor, Michigan 48109, USA 

0268-4012/87/03 0131-16 $03.00 0 1987 Butterworth & Co (Publishers) Ltd 131 



Alternative manufacturing information systems 

(;uida 10 S~rcc~e.ssf~rl MRPII. Englewood 
Cliffs: Prentice IIall. 
%Il1-Il-. b.M. (IYXO). Implementing an 
MRP system using the Lewin-Schcin 
theory of change. Produc/ion urd lt~~w- 
lory Mar~ugemrrzl. fir.sl qcturlcr, l-12. 
‘WHI . H.C. ,\NL) KIWMAN, I _I’. (lYX.3). An 
empirical investigation 01 different 
stratcgics for material requirements plan- 
ning. Joun~ul of Opwu1iotl.s Murqyww~l, 
3. 67-79. 
%oxx. I).R. (lY7Y). MRP-Selling a dead 
horse (or how to convince management to 
invest in MRP). Producliorz cold Inwr~loq 
M~~ncrgcwwt~l. secorui quurlu, 49-62. 
“~KFNC.II. K.I (1980). Accurate work in 
process inventory--a critical MRP syatcm 
requirement. Producliot7 urld It1~wlrorj 
Murqw~enl. first qurrrrer, 17-22. 
“‘MOKI-.CWOI~-I, .I.I).w. (198.1). A systems 
perspective on material rcquiremcnts plan- 
ning. &&iorz Sk~ce.s. 14. l-1 8. 
’ ‘rat.t:s. K. (19X0). Macro Orgrrrli-_rrlionrrl 
Bdw~~ior, pp. 23X-27X. Santa Monica: 
Goodyear Publishing. 
“For C2XalIlpk, IIANNAN. M. AN,) b,lb, hIAN. 

.,_ (lY77). Population ccoloyy of orjianiza- 

fioru cd E~1vir0nrner1f.s. Englc’woodYCliffs: 
Prentice Hall. ~c‘~13.w >, I*. (19X.7). Orp 
tkuliod Sysl~mcr1ic.s: Tuowrn~, Ewlw 
liorl, Chsificulior~, Berkeley: University 01 
California Press. 
“VAN ,I,: “,:N. A.,,. AN,) ,)K,\/,N, K. (1’)8?7). 

The concept of fit in contingency theory. In 
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appropriate MIS/DSS suDD,ort: A cost 

certain manufacturing contexts. (This view is in accord with Morecroft’s 
simulation studies. I”) 

Since MRP failure is relative, it is defined here as resulting in poorer 
PIM decisions than would traditional Reorder-Point MIS in a given 
context. This implies that Reorder-Point systems will also fail, i.e., do 
worse than MRP, in other manufacturing contexts. It is of interest, 
then, to dcterminc which of the two MISs is appropriate for :I given 
context. This will enable system analysts and users to choose an 
appropriate MIS for the current conte,xt, and will help information 
resource managers and users plan an evolving MIS to match an evolving 
production context. 

This focus upon the interaction of context and MIS with decision- 
making effectiveness provides the link to contingency theory. As noted 
by Miles,” contingency theory can be useful in determining the 
effectiveness of alternative decision-making structures in various con- 
texts. Here, decision-making structure is reflected by the structure of 
the information systems employed in the decision process. According to 
contingency theory, decision-making cffectivencss can be identified by 
the observed correlation of specific decision-making structures with 
specific contexts. Thcrc is thus an assumed causal relationship in which 
decision-making cffectivencss is determined by the interaction of 
structure and context. This assumption is supported by a natural 
selection argument.” That is, in the long run, decision structures which 
are not cffcctive in specific contexts will be competed away. 

In addition to the use of structure-context correlations to infer 
effectiveness. there arc lines of contingency theory research which 
directly measure the impact upon effectiveness of specific structures 
within certain contexts. These research lines have been referred to by 
Van de Ven and Dr;lzin13 as the interaction approach and the systems 
approach. The systems approach is the more general of the two, and 
allows for a compensatory relationship between structural components 
within a context. Thus, different decision-making structures can result 
in equally effective decisions in a specific context. 

Both the structure-context correlations approach, which infers 
decision-making effectivcncss. and the systems approach, which directly 
determines the impact of structure and context upon decision-making 
effectiveness, are employed in this paper. The systems approach 
provides a framework which guides a cost analysis of the alternative 
manufacturing MIS. The structure-context correlations approach is 
then employed to validate the cost analysis results. 

A brief introduction to cost analysis and its integration with 
contingency theory is provided next (a more detailed description of cost 
analysis is provided by CooperlJ). This is followed by its application to 
the MRP versus Reorder-Point evaluation. 

Introduction to cost analysis 

Cost analysis is built upon microeconomic production theory. However, 
the focus is upon the production of decisions rather than physical units. 
This production can be modelled by linking the use of certain physical 
resources (computer software, managers, communications devices, etc.) 
to decisions. As with physical production, a transformation of raw 
materials occurs. The raw material of decision production is informa- 
tion, transformed from its initial state (data) to its final state (decisions). 
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The output of decision production (i.e., decisions) is treated as one of 
many inputs to a firm’s production system. For example, in the 

manufacture of cars. manufacturing planning and control decisions are 
considered a class of’input along with raw materials, equipment and 
non-management labour. The measurement of decisions occurs along 
many dimensions, which generally fall within the intuitive concept of 
decision quality. (See Cooper” for a detailed discussion of decision 
production and decision quality.) 

Cost curve derivutiott 

Within this view. decision quality is a function of the decision-maker(s), 
the MIS, and the decision context. For a given decision-maker and a 
given MIS, one would generally expect that the quality of decisions will 
change as the decision context changes. This is in accord with 
contingency theory’s notion of decision structure-context fit. For 
example, compare a firm which produces one product to stock (say 
continuous production of a chair) with a firm which produces anything 
the customer orders (e.g., a metal-working job shop producing to 
customer specifications). In the first instance. a relatively simple MIS 
(e.g., a ‘two-bin’ Reorder-Point system) and a relatively unsophisticated 
PIM decision-maker could provide decisions of adequate quality. 
However, if the same MIS and decision-maker were used in the second 
firm, they would be overwhelmed by its complexity, which would result 
in decisions leading to excessive production cost and unmet customer 
orders. 

The above discussion focused on the effect of decision context 
changes upon decision quality. By holding decision quality constant, 
effects upon the decision-maker and MIS required by changes in the 
decision-context can be addressed. For example, in considering the 
second firm described above, what would it take to make good quality 
decisions (i.e., decisions which do not lead to excessive production cost 
and unmet customer orders) if the formal information system were 
limited to the simple two-bin Reorder-Point system? One strategy might 
be to hire staff personnel and a more sophisticated decision-maker to 
make up for the inadequacy of the MIS and the decision-maker. This 
new group would then spend time gathering data - such as machine 
availability and current product status - not provided by the 
Reorder-Point system. The more sophisticated decision-maker would 
then use these data to help plan more efficient and effective production. 
A major consequence of this strategy would be increased cost: the more 
sophisticated decision-maker and the staff personnel would be more 
expensive than the unsophisticated decision-maker they replaced. This 
effect of decision context changes upon total decision-making cost is 
depicted in Figure 1, where the horizontal axis represents the change 
from a relatively simple manufacturing environment (producing one 
type of chair to stock) to a relatively complex environment (a job shop 
producing to various customer specifications). 

This example has illustrated an assumption of cost analysis. That is, 
the quality of decisions can generally be maintained in the face of 

‘5~~xlPFK, K.B. (1083). A step toward a changing contexts by changing the characteristics of the information 
theory of managerial information require- system and/or the decision-maker(s). This is in accord with the 
ments. Proceedings of /he Fourth In~emu- 
lional Conference on Information Syslrms, 

equifinality proposition of contingency theory.‘” In addition, changing 

Houston, pp. 251-268. contexts can generally be defined in terms of continuous dimensions, 
“Op. cir., Ref 13. such as manufacturing context complexity, which facilitates the drawing 
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-der- .poin t MIS 

(Simple) Context complexity (Complex) 

Figure 1. Total cost curve for one MIS 

of total decision-making cost curves. 
Reconsider the above scenario, replacing the very simple Reorder- 

Point MIS with a more sophisticated MRP system. MRP proponents 
typically claim that MRP would work as well as the Reorder-Point 
system in the simple context (that of the first firm), and out-perform the 
Reorder-Point system in the complex context. If this is true, then the 
MRP system provides better (more useful, more comprehensive) 
information in the complex context; the result, when compared to 
Reorder-Point, is that less staff expense is required to maintain decision 
quality. This differing effect of context complexity upon decision- 
making cost for the two MISS is illustrated in Figure 2. Note that MRP’s 
initial cost is higher than that of Reorder-Point. This is due to the 
typically higher implementation and maintenance costs associated with 
MRP systems. 

The cost curves which hold decision quality constant in Figure 2 form 
the basis of cost analysis comparisons of alternative MIS. Reorder-Point 
systems are illustrated as more cost-effective for less complex contexts, 
while MRP is more cost-effective for more complex contexts. Based 
upon the assumptions of cost analysis, this would be true for reasonable 
levels of decision quality. 

Cost-effectiveness, then, is the contingency theoretic effectiveness 

Reorder-point MIS MRP MIS 

: . I 

(Simple) 

Reorder-point 

use is more 

cost-effective 

Context complexity 

MRP use IS 
more cost-effective 

(Complex) 

Figure 2. Hypothetical example of total cost curves for two alternative 

MISS 
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measure. Decision structure, as reflected by the use of alternative MIS, 
interacts with the manufacturing context resulting in more or less 
cost-effective decision-making (at a constant decision quality). 
Although the effect of a single - rather general - contextual 
dimension (complexity) was examined in the example above, subse- 
quent analysis of MRP versus Reorder-Point based decision-making will 
employ multiple specific dimensions. Similarly, although a single 
general dimension of decision structure (sophistication) was examined, 
subsequent analysis will employ multiple specific decision-structure 
dimensions. 

It was not the purpose of this section to argue that the cost-curve 
relationships in Figure 2 are correct. In fact, the analysis below will 

show that the illustrated relationships are nor correct. The reason they 
were used for discussion purposes is because they reflect popular 
opinion concerning MRP versus Reorder-Point effectiveness. The next 
sections use the cost analysis methodology to hypothesize actual MRP 
versus Reorder-Point cost-curve relationships and then test these 
hypotheses. 

MIS and emtextual dimensions 

As applied to this alternative MIS evaluation, the cost analysis 

methodology consists of the following steps: 

1. Identify the MIS dimensions on which the alternative MISS differ 
significantly. In the above hypothetical example, the ‘two-bin’ 
Reorder-Point system and the MRP system differed in terms of two 
MIS dimensions: MIS sophistication and MIS implementation and 

maintenance costs. 
2. Identify the contextual dimensions which interact with the above 

MIS dimensions resulting in changes in decision-making cost. A 
dimension of context complexity was used above. 

3. Develop hypotheses about alternative MIS cost-effectiveness based 
upon interactions between the above MIS dimensions and contex- 
tual dimensions. The Reorder-Point system was hypothesized to be 
more cost-effective in less complex contexts and the MRP system 
was hypothesized to be more cost-effective in more complex 

contexts. 
4. Gather empirical evidence to test the hypothesized effects. This was 

not illustrated above. 
5. Draw conclusions concerning the cost-effectiveness of the alterna- 

tive MIS. This was not illustrated above. 

This section is devoted to the first two cost analysis steps. MIS 
dimensions and contextual dimensions appropriate for the analysis of 
MRP versus Reorder-Point systems are determined from the production 
literature. The appropriateness of these dimensions is based on their 
effect upon the cost of decision-making. This cost can be affected either 
directly via MIS implementation and maintenance costs, or indirectly 
via the impact upon decision quality. As illustrated above, the indirect 
effect occurs when changes in a contextual dimension impact the 
decision-making usefulness of an MIS dimension. In order to maintain a 
constant decision quality, this change in MIS usefulness must be offset 
by changes in the amount and type of other decision-making resources, 
which result in changes in decision-making expenses. For example, 
problem duration (the time available for the solution of a problem) 
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probably affects the usefulness of fast versus slow MIS response time: if 
a problem can be solved in a week. a real-time MIS may be no more 
useful than a batch MIS; however, if a problem must be solved in one 
hour, the batch MIS may be of little use. and supplemental decision- 
making resources would have to be employed in order to maintain good 
quality decisions. If the alternative MISS differ significantly in terms of 
response time, then response time is an appropriate MIS dimension, 
and problem duration is an appropriate contextual dimension. 

To begin this selection process, some MIS dimensions arc enumer- 
ated below: 

1. Response time - the time required for an MIS to provide requested 
information. For example, batch versus real-time. 

2. Model structure-the MIS assumptions and information describing 
causal relationships, appropriate variables and decision-maker 
preferences. 

3. Access restrictions - the difficulty in getting use of the computer 
(MIS) facilities. For example. scheduled periodic access versus 
unscheduled ad hoc access. 

4. Decision-making focus - the emphasis of the MIS in support of 
decision-making. This ranges from helping define or structure 
problems to actually making the decisions. 

5. Implementation and maintenance costs - the costs reflecting the 
needs for computerization, organizational and procedural changes, 
and software and data maintenance. 

By concentrating on MIS dimensions upon which the alternative MISS 
differ significantly, the cost analysis evaluation effort can be reduced. 
MRP and Reorder-Point MIS are, in fact, very similar. Response time is 
typically daily or weekly, access restrictions are typically periodic (e.g., 
weekly) and scheduled, and the decision-making focus tends toward 
decision-making rather than decision-structuring. MIS dimensions on 
which MRP most differs from Reorder-Point are model structure and 
implementation and maintenance costs. For example, MRP model 
structure is oriented toward dependent inventory item demand. where 
requirements for sub-components are derived from the requirements for 
components. In contrast, Reorder-Point model structure is orientated 
toward independent inventory item demand, where requirements for 
each item are determined independently. In addition. MRP imple- 
mentation and maintenance costs arc typically more than those for 
Reorder-Point, and tend to be more sensitive to the complexity of the 
production process due to extensive data and model maintenance. 

With the identification of these two MIS dimensions, analysis 
continues to get a more precise notion of how MRP differs from 
Reorder-Point along each dimension. This is described first for the 

model structure dimension, and then for the implementation and 
maintenance cost dimension. 

The importance of the model structure dimension for differentiating 
MRP from Reorder-Point is due in large part to its implications for the 
ability of an MIS model to fit within its context. To this end. a model’s 
assumptions can be compared with the context, and the extent to which 
the assumptions are violated can form a basis for cost analysis 
evaluation. The notion here is that an MIS becomes less useful as the 
underlying assumptions of its model(s) become increasingly violated. 
Since cost analysis focuses upon differences between alternative MIS, 
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assumptions not shared by both MRP and Reorder-Point are of major 
interest. For example, since the assumptions of constant manufacturing/ 
purchase lead time and constant costs are shared by MRP and 
Reorder-Point, they are ignored here. The PIM literature is thus 
reviewed” to find typical assumptions which are not common to both 
MRP and Reorder-Point MIS. The following unshared model assump- 

tions were identified: 

1. MRP: 
(a) Finished goods requirements are deterministic. 
(b) Processes are independent (no requirements for ‘mating’ of 

processes). 
2. Reorder-Point: 

(a) Average inventory item usage is continuous and constant 
over time with random deviations described by a constant 
distribution. 

(b) Inventory items are independent: the demand or replenish- 
ment of one does not affect that of another. 

Thus, the model structure dimension is more precisely defined in terms 
of two MRP assumptions, two Reorder-Point assumptions. 

A more precise definition of the implementation and maintenance 
costs dimension is addressed next. Costs identified by this dimension 
reflect the needs for computerization, organizational and procedural 
changes, and software and data maintenance. When compared to 
Reorder-Point, MRP is initially more expensive due to extensive 
computer and organizational changes, and its maintenance costs are 
much more sensitive to the complexity of the production process due to 
extensive data and model maintenance requirements. Thus, MRP 
implementation and maintenance costs are expected to increase more 
with increased production process complexity than Reorder-Point 
implementation and maintenance costs. All the costs indicated in the 
MIS dimension should thus be used to help differentiate MRP from 
Reorder-Point. 

The second cost analysis step consists of identifying manufacturing 
contextual dimensions which significantly interact with these MIS 
dimensions to affect decision-making cost. Contextual dimensions 
which interact with model structure (i.e., those that violate MRP and 
Reorder-Point assumptions) are described first. Two contextual dimen- 
sions which can be easily identified and tend to have this interaction 
effect are a firm’s manufacturing method and the marketing strategy.‘” 

“HLIFFA, E.s. (1980). Moclem Production/ Manufacturing method denicts characteristics of oroduction itself. and 
Operation3 Manugement, 6th cdn.. 

v 1 

Chichester: John Wiley & Sons. UIIF~A, 
can be measured along a continuum ranging k-om continuous (or 

L.S. AND Mll.l.EK. J.Ci. (1979). Productio,1- assembly or repetitive) to intermittent (or job shop). Marketing strategy 
Inventory Systems Planning and Control. 
3rd edn., Homewood, Ill.: Richard D. 

can also be measured along a continuum, ranging from all products 

Irwin. OKI.I~KY, J. (1975). Materio/ Rr- 
made-to-stock to all products made-to-order. A study of the production 

quiremrnts Plunning. New York: McGraw- and inventory control literature’” reveals the following relationships 
Hill. PLOSSL, G.w.~( 1973). Manufucturing between these contextual dimension measures and MRP and Reorder- 
Control, the Last Front& for Profits. Res- 
ton, VA: Reston Publishing Co. SII.VE.K, 

Point assumption violation: 

F.A. (1981). Operations research in inven- I. MRP: 
tory management: A review and critique 
Operations Reseurch, 29, 628-645. 
lX~~f:~~~ AND MIL.I.FK, op. cit., Ref 17. 

(a) A significant violation of deterministic finished goods 
requirements is typically associated with intermittent manu- 

“‘VANDFMARK, R.L. (1964). Production facturing and with make-to-order contexts. This is due. for 
Control Techniques. Grand Rapids: The 
Gilson Press. VOKIS, w. (1961). Production 
Control. Homewood. III.: Richard D. 

example, to uncertainty associated with the variety of 
custom designs and the unreliability of sales forecasts, 

Irwin. respectively. 
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(b) No relationship between either manufacturing method or 
marketing strategy and process independence could be 
found. 

2. Reorder-Point: 
(a) A significant violation of continuous and constant inventory 

item usage is typically found in continuous manufacturing 
and in make-to-stock contexts. This is due, for example, to 
the more stable and forecastable market which allows 
systematic production variations. These variations typically 
occur within Reorder-Point review cycles and thus do not 
result in Reorder-Point changes. 

(b) No relationship between either manuf~~cturing method or 
marketing strategy and inventory item independence could 
be found. 

Thus, measurements along a firm’s manufacturing method and 
marketing strategy contextual dimensions enable an evaluation of 
violation for one MRP and one Reorder-Point assumption. Using 
general descriptions of firm activities, it would be hard to measure the 
degree of process independence. However, a good estimate of the 
inventory item independence contextual dimension - which interacts 
with Reorder-P{)int~s assumption of inventory item independence-can 
be ascertained by determining the average number of bill-of-materials 
levels required for production. In fact, this measure is typically used for 
this purpose, and is thus employed here as a measure of inventory item 
independence. 

Contextual dimensions which interact with the MRP and Reorder- 
Point implementation and maintenance costs are also of interest. 
Differences between these costs for MRP and Reorder-Point were 
described earlier as dependent in large part upon the complexity of the 
production process. Two readily identifiable measures for this contex- 
tual dimension are the average number of parts (components, etc.) per 
bill-of-material level and the average number of parts (components, 

etc.) per finished good. 
The first two cost analysis steps in evaluating MRP versus Reorder- 

Point MIS have been described. More precise notions of two MIS 
dimensions (model structure and implementation and maintenance 
costs) have been determined and paired with measures for four 
contextual dimensions (marketing strategy, manufacturing method, 
inventory item independence, and production process complexity). The 
next section addresses the third cost analysis step. 

Alternative MIS cost-effectiveness hypotheses 

This section describes the third cost analysis step: the development of 
hypotheses about alternative MIS cost-effectiveness based upon interac- 
tions between MIS and contextual dimensions. There are two sub-steps 
which comprise this third step. Using earlier discussions which paired 
MIS dimensions with contextual dimensions, the first sub-step identifies 
the resulting decision cost-curve shapes. The second sub-step then 
develops hypotheses concerning the cost-effectiveness of the alternative 
MIS based upon these decision cost curves. 

Decision cost-curve shapes representing the interaction of MIS model 
assumptions with the associated contextual dimension measures are 
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relatively straightforward. As mentioned earlier, basic to this interac- 
tion is the notion that an MIS becomes less useful as the underlying 
assumptions of its model(s) become increasingly violated. That is, a 
model is less useful if it assumes a reality different from that in which it 
is employed. Given the cost analysis framework, this decrease in MIS 
usefulness can be offset by increasing expenditures on other decision- 
making resources, leading to cost curves similar to that in Figure 1. For 
example, the Reorder-Point inventory item independence assumption is 
paired with the inventory item independence contextual dimension: the 
independence assumption is increasingly violated as the average number 
of bill-of-material levels increase. With the average number of 
bill-of-material levels on the horizontal axis, and total decision-making 
cost on the vertical axis, the cost curve for Reorder-Point MIS is 
expected to rise (as in Figure 1); since no MRP assumption violation 
occurs along this axis, the cost curve for MRP MIS is not expected to be 
significantly affected. 

Deterministic finished goods requirements paired with the marketing 
strategy contextual dimension is an example of MRP assumption 
violation. In this case, the marketing strategy is on the horizontal axis, 
and ranges from pure make-to-stock through various combinations of 
make-to-stock and make-to-order, and ends with pure make-to-order. 
The MRP assumption of deterministic finished goods requirements is 
increasingly violated along this horizontal axis. The result is a rising 
MRP cost curve similar to those illustrated in Figure 3. Note that the 
Reorder-Point assumption of continuous inventory item usage is also 
violated along the marketing strategy dimension, but in an opposite 
manner. Thus, when the Reorder-Point cost curve is plotted in the same 
graph, it decreases from make-to-stock to make-to-order. This is 
illustrated in Figure 3, where MRP is identified as more cost-effective in 
make-to-stock contexts and Reorder-Point is identified as more 
cost-effective in make-to-order contexts. 

The decision cost-curve shapes depicting the interaction of MIS 
implementation and maintenance costs with production process com- 
plexity are similar to that in Figure 1 for both contextual dimension 
measures. However, the two contextual dimension measures are 
expected to affect MRP total decision-making cost much more 

MRP MIS 

. . (Determlnlstlc flnlshed goods assumption) 
. 

: 
. . 

. . . 
+ 

Reorder-point MIS 
(continuous inventory 
item usage ossump- 
tion ) 

Moke-to-stock 

MRP use IS more 

cast-effective 

Marketing strategy Make-to-order 

Reorder-point use is 

more cost-effective 

Figure 3. Hypothesized cost curves for MRP and Reorder-Point MIS along 
the marketing strategy contextual dimension 
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significantly than that of Reorder-Point. Thus, for example, with 
average number of parts per finished good on the horizontal axis. and 
total decision-making cost on the vertical axis. the cost curve for MRP 
MIS is expected to rise much more significantly than the cost curve for 
Reorder-Point MIS. 

Each of the four contextual dimensions mentioned above form one 
axis in a five-dimensional decision-making cost space. (The fifth 
dimension is total decision-making cost.) Plotting the decision-making 
cost behavior described above in this space results in two cost surfaces: 
one for MRP and one for Reorder-Point. An examination of these cost 
surfaces relative to each contextual dimension axis results in the 
following hypotheses. MRP tends to be more cost-effective than 
Rcordcr-Point in: 

H, Continuous (assembly, repetitive) manufacturing method than in 
intermittent (job shop) manufacturing method contexts. 

H2 Make-to-stock marketing strategy contexts than in make-to-order 
marketing strategy contexts. 

H3 Contexts which have a high number of bill-of-materials levels. 
HJZ, Contexts in which the average number of parts. etc. per bill-of- 

material level are low. 
HJ,,Contcxts in which the average number of parts. etc. per finished 

good arc low. 

Hypotheses 1, 2 and 3 are based upon manufacturing method. 
marketing strategy and inventory item indcpcndence contextual dimen- 
sion’s interaction with MRP and Reorder-Point model assumptions. 
Hypotheses 4a and 4b are based upon the production process 
complexity contextual dimension’s interaction with MIS implemcnta- 
tion and maintenance costs. 

Up to this point. the systems approach of contingency theory has been 
used as a framework to develop expectations of the impact upon 
decision cost-effectiveness of alternative MIS dimensions within various 
contextual dimensions. The link to contingency theory now shifts to a 
more traditional approach: the inference of MRP cost-effectiveness 
based upon its use in specific contexts. As mentioned earlier. the 
assumption underlying such an inference is one of natural selection; 
thus, MRP USC will tend to be observed only in contexts where MRP is 
cost-effective. Note that this view ties neatly to the microeconomic 
literature. where rational bchaviour can be viewed as an artifact of 
competition -firms behaving irrationally will not last in the long run - 
rather than a description of specific decision-making ability.‘” A study 
of current manufacturing MIS use is thus undertaken. This study is 
described next. 

A study of current manufacturing MIS use 

If the above hypothcscs are correct, then rational managers will tend to 
employ MRP in continuous, make-to-stock contexts with products 
having a high number of bill-of-material levels, a low number of parts 
per bill-of-material level, and a low number of parts per finished good. 

20 
This implies that managers who try MRP in other contexts will tend to 

AI <‘)II,,N, A. (1963). As quoted in A 
Rel~cwiorul Theory oj:hr Firtn (R. M. Cycrt 

be confronted with cxccssive decision-making costs, and would thus bc 

and J.G. March. da), p. 13. Englcwood encouraged to return to Reorder-Point MIS. Based upon this rationale, 
Cliffs: Prentice-Hall. the fourth cost analysis step involves a survey of current MRP use, 
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which can serve to support or deny any or all of the hypotheses. That is, 
if MRP is typically used in the proposed contexts, and not typically used 
in the other contexts, then the hypotheses are supported based upon 
rational (or, competitively advantages) management trade-offs. 

“Membership exceeds SO 000. I would like 
to thank Henry F. Sander, Executive 
Director of the American Production and 
Inventory Control Society, for his coopera- 
tion in providing the survey sample used in 
this paper. 
7, 
--ANDERSON, J.<‘., S(‘I1KOIL~I~K. K.(i.. T,IPY, 
5.L. AN,, WH17F, F.M. (1981). Mulerid 
Requirements Planning: A Study of Irnpl~~- 
rnenkztion and Practice. Falls Church. Vir- 
ginia: American Production and Inventory 
Control Society. 
%41.1.. C‘.A. AN” 7scl101-(il, A.E. (1982). 
The decision to establish a foreign hank 
branch or subsidiary: an application of 
binary classification procedures. Journul of 
Financial and Quamirative Analysis. 17, 
411-424. 

The survey 

Survey respondents consisted of a random sample of the American 
Production and Inventory Control Society members across the USA.” 
A telephone interview approach was chosen to reduce confusion over 
terminology and to encourage a high response rate. Production 
managers and staff who wanted time to look data up were called back. 
The response rate was 97 per cent of contacted applicable members. Of 
the 100-member random sample, 36 were eliminated by logistical 

problems or because they failed to meet survey requirements (e.g., they 
were teachers rather than production managers or staff). Of the 
remaining members, only two refused to answer the survey. Hence, the 
results are based upon production managers and staff representing a 
random sample of 62 manufacturing facilities in the USA. 

Respondents were asked about their firm’s manufacturing method, 
marketing strategy, average bill-of-material levels, etc. In addition. they 
were asked what kind of manufacturing MIS was used. If they were 
using MRP, they were also asked to rate the system using the 
classification scheme used by Anderson ef al.” This scheme ranges from 
‘A’ MRP, which is fully integrated into the production planning process, 
to ‘D’ MRP, in which the system exists mainly in data processing and is 
of little benefit to production managers. It should be noted that all firms 
included in the survey which were not using MRP were using a 
traditional Reorder-Point-based MIS. 

The results 

Data were coded in the following manner. Manufacturing method was 
coded 0 for continuous and 1 for intermittent. Manufacturing strategy 
was coded 0 for make-to-stock and 1 for make-to-order. The average 
number of bill-of-material levels, the average number of parts, etc. per 
bill-of-material level, and the average number of parts, etc. per finished 
good were all coded as dummy variables, with 0 for values less than their 
medians, and 1 for values greater than their medians. Median values for 
these variables are 4.5 bill-of-material levels, 6.5 parts per bill-of- 
material level, and 24 parts per finished good. This approach was chosen 
to reduce the precision of the variables commensurate with the 
measurement error associated with their estimates. The MRP use 
variable was coded 1 for ‘D’ category use or Reorder-Point use, and 2 
for category ‘C’ or above MRP use. Thus, MRP use is defined, at least, 
as employment of the MIS as an order-launching system. 

Because of dichotomous dependent and independent variables, a 
logistic regression model (logit) is used to test the hypotheses.” Table 1 
illustrates the results: the overall model is highly significant (alpha = 
0.0025) and all hypotheses are supported at alpha less than or equal to 
0.07. Note that HAi, (average number of parts, etc. per finished good) is 
not in the logit model. This is due to the very high collinearity with H+, 
(average number of parts, etc. per bill-of-material level). The Pearson 
Correlation coefficient between the two variables is 0.88, significant at 
alpha less than 0.01. Thus, the average number of parts, etc. per 
bill-of-material level is a good representative of hypothesis 4. Note, 
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Table 1. Logistic regression for MRP use = C or B or A 

Function = LOGISTIC 52 cases 4 iterations 

Model 

Marginal Full Diff 

-210g (Likelihood) 65.726 49.279 16.446 df = 4 sig = 0.0025 
Fraction explained 0.5315 0.6226 0.0911 

Full model estimates 

Standard l-tailed 

Coefficient error Ratio alpha 

CONSTANT -3.0443 1.0131 -3.0050 0.00 
H, MANUFACTURING METHOD -1.9899 0.83591 -2.3805 0.01 
H2 MARKET STRATEGY -1.1727 0.73323 - 1.5994 0.06 
H3 BILL-OF-MATERIAL LVLS 1.1945 0.77155 1.5482 0.07 
H4 PARTS/BILL-OF-MATERIAL LVL -2.0784 0.84004 -2.4741 0.01 

Convergence 

Step -2*log(L) criterion 

0 50.285 

1 49.292 0.94576 

2 49.279 0.12517 - 1 

3 49.279 0.85813 - 5 

4 49.279 0.42400 - 11 

also, that only 52 cases were used rather than the 62 available from the 
sample. This is due to ambiguity regarding marketing strategy: some 
firms made to stock and to order. Since a dichotomous marketing 
strategy variable was used, only firms which manufactured 80 per cent 
or more of their product exclusively to stock or exclusively to order were 
included. Ten firms were eliminated for this reason. 

The definition of MRP USC employed here diverges somewhat from 
that desired by MRP proponents. Rather than considering order 
launching (category C) as successful MRP use, MRP proponents suggest 
that MRP is not being used properly until it is more fully integrated into 
production planning, i.e., category A or B. The effect of changing the 
MRP use definition in this manner was tested, and, as illustrated in 
Table 2, the overall model was not significant (alpha = 0.4725). In this 
insignificant model, MRP use was coded 1 for category C or D MRP use 
or Recorder-Point use and coded 2 for category A or B MRP use. 

In summary, MRP tends to be used in the hypothesized manufactur- 
ing 

1. 
2. 
3. 
4. 

contexts, which are characterized by: . _ 

Continuous (assembly, repetitive) manufacturing method. 
Make-to-stock marketing strategy. 
High number of bill-of-materials levels. 
Low average number of parts, etc. per bill-of-material level. 

A small-engine assembly plant is an example of an MRP cost-effective 
context. The plant is characterized as continuous production to stock 
with an average of five bill-of-material levels (classified as high) and 
about five components per bill-of-material level (classified as low) and 
has a B MRP system. 

These cost-effective characterizations are based upon data depicting 
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Table 2. Logistic regression for MRP use = 6 or A 

Function = LOGISTIC 52 cases 4 iterations 

-210g (Likelihood) 
Fraction explained 

CONSTANT 

Model 

Marginal Full Diff 

65.726 62.190 3.5358 df = 4 sig = 0.4725 
0.5315 0.5499 0.0184 

Full model estimates 

Standard 

Coefficient error Ratio 

0.9207 -1 0.63909 0.1441 

H, MANUFACTURING METHOD -0.74507 0.66641 -1.1180 
H2 MARKET STRATEGY -0.70023 0.64897 - 1.0790 
H3 BILL-OF-MATERIAL LVLS 
H4 PARTS/BILL-OF-MATERIAL LVL 

0.2397 -1 0.63878 -0.3752 -1 

0.4912 -1 0.63710 0.7711 -1 

Convergence 

Step -2*log(L) criterion 

0 62.490 

1 62.190 0.30155 

2 62.190 0.66757 - 4 

3 62.190 0.99673 -10 

the successful use or non-use of MRP. It would be interesting, in 
addition, to determine whether the proposed reciprocal MRP-Reorder- 
Point relationship exists. That is, does the logistic model hold when 
comparing MRP use to Reorder-Point use? To answer this question, D 
MRP users are eliminated from the sample, leaving Reorder-Point users 
coded as 1 and MRP C and above users coded as 2. The highly 
significant (alpha = 0.0065) results are illustrated in Table 3; each 
hypothesis continues to be significant (alpha less than or equal to 0.11). 
Thus, Reorder-Point MIS tends to be used in the hypothesized 
manufacturing contexts, which are characterized by: 

1. Intermittent (job shop) manufacturing method. 
2. Make-to-order marketing strategy. 
3. Low number of bill-of-material levels. 
4. High average number of parts, etc. per bill-of-material level. 

A pump manufacturer is an example of a Reorder-Point cost-effective 
context. The firm manufactures 90 per cent to order in a job shop with 
an average of four bill-of-material levels (classified as low) and about 33 
parts, etc. per bill-of-material level (classified as high) and has a 
Reorder-Point system. 

Discussion 

This section describes the last cost analysis step: conclusions concerning 
the cost-effectiveness of the alternative MIS. 

Although depicting current MRP use, the logit models can be 
interpreted in light of the cost analysis hypotheses. That is, given the 
microeconomic argument of rational management trade-offs or the 
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Table 3. Logistic regression for MRP versus Reorder-Point 

Function = LOGISTIC 49 cases 4 iterations 

Model 

Marginal Full Diff 

-210g (Likelihood) 58.630 44.353 14.227 df = 4 sig = 0.0065 
Fraction explained 0.5498 0.6360 0.0862 

Full model estimates 

Standard l-tailed 

Coefficient error Ratio alpha 

CONSTANT -3.2246 1.0508 -3.0687 0.00 
H, MANUFACTURING METHOD -2.0367 0.89625 -2.2725 0.01 
H2 MARKET STRATEGY -0.95313 0.77520 - 1.2295 0.11 
H3 BILL-OF-MATERIAL LVLS 1.1344 0.85850 1.3214 0.10 
H4 PARTS/BILL-OF-MATERIAL LVL -2.1441 0.92207 -2.3253 0.01 

Convergence 

Step -2”log(L) criterion 

0 45.478 

1 44.378 1.0231 

2 44.353 0.24211 - 1 

3 44.353 0.36613 - 4 

4 44.353 0.88687 -10 

contingency theoretic competitive advantage argument, the use of MRP 
in specific contexts can be reinterpreted as indicating MRP cost- 
effectiveness in those contexts. Based upon this rationale, the failure of 
many MRP systems may be due to attempts to install MRP in 
inappropriate (cost-ineffective) manufacturing contexts. such as inter- 
mittent instead of continuous or make-to-order rather than make-to- 
stock. Interestingly, historical suggestions for MRP implementation arc 
typically in such cost-ineffective contexts. (For example, Orlicky’” 
suggests MRP for complex job shop contexts. Only the high number of 
bill-of-material levels, identified as appropriate here, are in accord with 
historical guidance.) 

Although this discrepancy may initially be unsettling, it is intuitively 
appealing. When compared to Reorder-Point, MRP is very costly to 
implement and maintain, and has a dependent structure which is prone 
to compounding errors. (Due to MRP’s bill-of-material explosion 
approach, errors are compounded as requirements are determined for 
successively lower bill-of-material levels.) In addition, MRP require- 
ments are typically determined using local optimizing algorithms at each 
bill-of-material level; this simple structure rarely reflects the actual 
production context. On the other hand, Reorder-Point estimates are 
independent, reducing the impact of the erroneous estimation of one 
material requirement upon the estimations of other material requirc- 
ments. Thus, when the context accurately reflects the MRP model, 
MRP use can reap substantial benefits compared to Reorder-Point use. 
However, Reorder-Point seems to be more robust in contexts which are 
more complex, and not totally in accord with those required by MRP’s 
relatively simplistic model. This finding is in accord with Morecroft’s’” 
simulation comparison of MRP and Reorder-Point systems. 
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The findings of this study can be used by MIS designers (both users 
and analysts) to help develop appropriate manufacturing information 
systems. A designer would first identify where the firm stands in terms 
of the four contextual dimension measures. (The manufacturing 
method, marketing strategy, etc. are easily determined in most firms.) 
The most clear-cut cases are those that meet all of the MRP or 
Reorder-Point cost-effectiveness conditions. However, the logit model 
provides the following help in other cases. Although the model 
coefficients are not directly interpretable, as are linear regression 
coefficients, they can give information about relative impacts. For 
example, referring to Table 3, differences in manufacturing method or 
differences in parts per bill-of-material level are expected to have a 
more significant impact than differences in marketing strategy or 
bill-of-material levels. Thus, a firm which is characterized in terms of all 
MRP cost-effective contexts except marketing strategy would be more 
likely to support MRP than a firm characterized in terms of all MRP 
cost-effective contexts except manufacturing method. 

These relationships are demonstrated in Figure 4. Employing the logit 
model in Table 1, this figure illustrates the probabilities of MRP use in 
various manufacturing contexts. For example, the small-engine assem- 
bly plant described above as continuous production to stock with high 
average bill-of-material levels and low components per bill-of-material 
level is depicted as having a 99 per cent chance of using MRP; the pump 
manufacturer characterized as intermittent production to order with low 
average bill-of-material levels and high components per bill-of-material 
level is depicted as having a 1 per cent chance of using MRP. Although 
illustrating probabilities of current MRP use, Figure 4 can be reinter- 
preted in light of the cost analysis hypotheses as probabilities of MRP 
cost-effectiveness. These probabilities can thus be used by MIS 
designers to help evaluate the appropriateness of implementing MRP in 
contexts which are not clearly MRP cost-effective or cost-ineffective. 

Another finding is of interest to information system designers. 
Manufacturing contexts did not seem to affect the transition from C 
MRP systems to A or B MRP systems. This may be due to a threshold 
effect, where specific contextual conditions must be met before MRP of 
any type is cost-effective. After this threshold has been met, the 
effectiveness of MRP improvements may be contingent upon other 
factors, such as resistance to change, or management’s lack of 
commitment to MRP, which were mentioned at the beginning of this 
paper. 

In addition to aiding information system designers, information 
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resource planners (including users) can LIW the MRP versus Rcorder- 
Point information to help plan future MIS requirements. For example, 
Hayes and Wheelwright’” describe typical manufacturing contexts 
associated with the product life cycle. The product life cycle is divided 

into four stages, starting with low volume, custom design, one-of-a-kind 
products and evolving to high volume, high st~undnrdiz~ltioil, commodity 
products. The manufacturing method and marketing strategy associated 
with these product stagcs start with intermittent production to order, 
and end with continuous production to stock. Using the cost analysis 

hypothcscs above, MRP is expected to he more cost-cffectivc later in 
the product lifecycle, and Reorder-Point more cost-effective earlier in 

the product lifecycle. This information can be used to help plan 
appropriate MIS changes as a firm’s product evolves. 

Summary 

This paper evaluated alternative manufacturing MISS contingent upon 
various manufacturing contexts. This evaluation can help system 

analysts and users develop appropriate manufacturing MISS by allowing 

them to choose the most cost-effective MIS for their firm’s current 

context. Similarly, this evaluation can help information rcsourcc 

managers and users plan future manufacturing MIS requirements. by 

enabling them to match cost-effective MIS to the firm’s changing 

context. 

Cost analysis was introduced as the evaluation vehicle used within ;I 
contingency theoretic framework. Details surrounding this evaluation 

methodology wcrc included, in part, to provide a theoretical basis for 

reinterpreting MRP use data as MRP cost-effectivcncss data. The cost 

analysis-contingency theory synthesis facilitated the choice of rclcvant 

MIS and contextual dimensions, and gave a framework for analysing 

and evaluating their interaction. From this guidance, hypotheses 

concerning the cost-effectivenc‘ss of the alternative MIS wcrc de- 

vcloped, tested and interpreted. This example illustrates the potential 

-‘ill/\\ IS. 
for using ;I microcconomic cost-curve-based analysis without the direct 

11.11. ANI) %111-1 I \Il<l<illl. \.c. 
( 1979). Link manuf;rcturing [3ro~as and 

estimation of cost parameters. It should bc noted, however. that cost 

product lil’eqclcs. Harwd Htr.virx\.s Rc- analysis also provides ;I framework for research which identifies actual 

I.iW. ./trrilrcr,__~-F~~h~f~~~~~, 13%I-IO. total cost-curve parameters through, for example, simulation studies. 
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