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However, the exploratory nature of this study imposts signifi- 
cant pro&ms of external validity. 

Kids: MIS effectiveness, MIS i A 3&1ctivity, manufacturing 
~~age~e~t information, cost variance reportiq$ cost 

dent rIlamhcturing. 
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[lo]. However. all MISS contain inaccuracies and 
limitations. The question, then, is when variance- 
tracking IISs are deficient enough to warrant 
changing or abandoning them. 

Evidence from the literatsre is far from @otciu- 
sive. Though there are many anecdotal references t 

their use [2] [6]. Those against the 
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to dissatisfaction with MISS and conceptual argu- 
men& concerning their inaccuracy, no empirical 
evaluation of the effects of such system deficien- 
cies could be found. This, combined with the 
+lespreacl use of such MISS [4] [I4] makes it 
valuable to investigate variance-tracking MISS in 
manufac,turing contexts. 

We investigated variance~tracking MISS using a 
sirnaulation expcriient, ‘;;‘e fot~nd. that in inter& 
pendent manufacturing contexts, they may severely 
misrepresent the degree of control in production 
departments. We thus agree with those who sug- 
gest that varian~tracking MISs may not be ap- 
propriate ;k rnor- l 

e sn#e.m4rmnwGLm+ rnm~s~Cn-*~~~ra 
l a*ws ~wy~u~~aac usauuaab b&u we 

conte?Lss. 

The importance of examining interdependent 
manufacturing contexts comes from recent in- 
novations in production planning and production 
technology, such as material requirements plan- 
ning (MRP) approaches. These innovations have 
resulted in increased efficiency, by re4iuchg tmii- 
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ing environment upon the usefulness of a typical 
variance-tracking MIS. Because true operating 
states must be known, an actual factory environ- 
ment would be very difficult to investigate. Simi- 
larly, a behavioral el;periment would confound the 
analysis with behavioral issues - such as 
managerial motivation. In addition, an analytical 
analjjsis of the necessary complexity was found to 
be intractable. Thus, a simulation experiment was 
used to exami usefulness issue. A brief 
summary of ion model is presented 
below; the full detail is available in [ 121. 

The simulation model is made up of three 
sequentially interdependent depart 

all h?ltV Me*+ _~_ aT_-__. -Ad _-+3x’: required by the first department is 

tial interdependence is described by Thompson 
(15) as a typical core technology. In such a tech- 
nology, the output of the preceding department 
serves as the input TV the next. it is assumed that 

tional decoupling devices such as worl&.pr~~ 
inventories [l]. This reduction can result in faster, 
more reliable delivery times, lower reject rates, 
and lower overhead costs. In addition, however, 
reduced decoupling causes manufacturing depart- 
ments to become more interdependent, increasing 
the sensitivity of one department’s activities to 
those of others. Since the varian*tracking MISS 
currently used for manufacturing management 
were generally developed during times when pro- 
duction departments were more indeIzz&nt, an 
implicit assumption of these ISs was production 
d~lrtrnen~ indkwnderice. I thus necessary to 
determine the potential effect of these MISS in 
contexts where this assumption is violated. 

available. In addition, similar to a “make-to-order’ 
factory, it is assumed that ail orders are met on 
time; this el&- A ~ka the need for evaluating the 
cost of not meeting delivery dates. 

Each department is simulated by implementing 
an identical production function derived from a 
five year study of a paint factory, which was 
conducted by Holt et al. [5]. Using their data, 
monthly production quotas are determined for 
each department. Weekly and daily production 
requirements are a function of these monthIy 
quotas, adjusted for production-to-date, buffer in- 
ventories, etc. 

The three department managers use their 
knowledge of the operating conditions to make 
optimal (cost minGzing) adaptations in produc- 
tion activity. For example, estimated production 

first and last depart nts, along with cur- 
rent inventory levels, labor costs, and inventory 
C costs are used by the middle d 
manager to determine production levels. T,his kind 
of decision making is appropriate in highly inter- 
dependent contexts, all 
Such an approach was 

The variance-tracking MIS examined here is a 
flexible budget variance tracking system; this is a 
monitoring tool used to facilitate management- 
by-exception in relatively decentralized environ- 
ments. By monitoring variances from e 
budgets, upper management can de e 
whether departmental managers are exercising 
their discretion effectively. This has been shown to 
be effective in independent production contexts 

2. 

no objective of our 1 I._ 
apkw the effect nf an inte lPC.II .1-w a-w. _‘a -_a .-a.” 

y with departmental 
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enable cost -nCmizing production on a factory- 
wide basis. 

The variance reporting used is typical; it is 
based upon production-related costs (excluding, 
for example, inventory carrying). A weekly vari- 
ance is calculated f;rr each department by sub- 
tracting actual costs from standard costs. Variance 
limits (i.e., limits beyond which costs are reported 
as an exception) were determined by running 100 
replications of the five year simulation, assuming 
efficient production as discussed below. Dropping 
the first 6.x weeks of cost data for each qlication 
to allow the system to achieve steady state resulted 
in 25400 weekly variances. The absolutr: values of 
these variances were ranked, and the largest 10 
percent were considered to be excessive, repor- 
table exceptions; this means that if variances are 
normally distributed, an exception variance report 
is issued when departmental costs are more than 
1.65 standard deviations above or below those 
flexibly budgeted for a given week. 

II,: The number of exception variances for one 
inefficient department will be significantly 
different from the number of variances for 
other equally inefficient departments. 

The experimenral treatment consists of taking 
each department and programming it to be ineffi- 
cient (i.e., redubtig actual output) by IO, 20, and 
30 percent. This results in a three-by-three experi- 

2.2 Hypotheses and Experimental Design 

Previously referenced work indicates that the 
activities of independent responsibility centers do 
not significant@ affect the usefulness of variance 
reports. I-Iowever, the relatively high binding of 
variance-tracking systems with these independent 
contexts makes it reasonable to hypothesize an 
interaction between production department inter- 
dependence and the effectiveness of variance- 
tracking MIS. 

atrix consisting of three inefficiency levels 
positions for the inefficient department 

e, and last). Another dimension to this 
experimental design indicates the department 
whose vkma are being examined. For example, 
although the first department may be inefficient 
by 20 percent, because of the potential for interac- 
tion, the department beiig examin for exception 
wst variance could be the fiit, middle, or last 
department. The final dimension includes the type 
of distributions representing productive activity. 
Two distributions are used: Normal and Gamma. 
The Normal is us& to represent more labor-inten- 
sive (less machine dependent) production, where 
major production interruptions are hi y un- 

Table 1 
Average number of exception variaa. 

Deprtmentbeingexamined Inefficiency 
level First Mddle Last 

department departmsnt dqztment 

Their usefulness to upper management depends 
upon their help in determining the efficiency of 
departmental activities If variance reports are to 
be effective, they should be able to depict: 

For Normal distribution 
First 10% 23.005 
depart. 20% 24.125 

30% 24.530 

23.630 23.390 
23.210 22.285 
22.270 19.230 

Middle 10% 23.800 23.680 23.750 
depart. 20% 23.790 23.700 23.760 

30% 23.765 23.475 23.785 

(1) changes in one department’s inefficiency; 
(2) inefficient departments from efficient ones; 
(3) relative inefficiency across departments. 

Last 10% 30.170 26.975 26.650 
depart. 20% 29.420 31.115 33.590 

30% 29.435 33.700 38.440 

These three issues lead to the following three null 
hypotheses: 

For Gamma distribh?: 
First 10% 23.440 
depart. 20% 24.320 

30% 24.495 

23.495 23.000 
24.050 22.990 
24.490 21.OcO 

. 
1’ 

. 
29 

Increas production inefficiency in a depart- 
ment will not result in increase4l exception 
variances reported for that department. 
Production inefficiency in one department 
will not result in significantly more exception 

artment than for other, 

Middle 10% 23.095 16.000 23.460 

depart. 20% 21 A45 15.000 23.590 

30% 22.490 16.000 23.575 

Las0 in?? 15.ooo 22.490 26.000 

depart 20% 17.P80 23.410 23.901) 

30% 25.970 23.490 24.W?I 
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Table 2 
Analysis of variance table for type SPFqru.p design. a 

Source Regular df. sum of Meall Normal Conser- 

square squares F ratio vative F 

* Between 

subjects 

B 
C 
D 
BC 
BD 
CD 
BCD 
subjects 
within 

groups 

Wit& 

subjecti 

A 
AB 
AC 
AD 
ABC 
ABD 
ACD 
ABCD 

Ax 
subjects 
within 

groups 

q-l=2 2572.0 
r-l=2 41910.20 
u-l=1 39445.33 

(q-l)(r-1)=4 11285.85 
(q-l)(u-1)=2 450.11 
(r-_)@-I)=2 37469.04 

(q-l)(r-IYu-lI= 4 1574.33 
qnl(n - 1) = 3582 4wz6.82 

nqru(p- 1) = 72QO 

p-1=2 3885.17 1942.58 
@-l)(q-1)=4 841.95 210.49 
(p-l)@-%)=4 20641.17 5160.29 
(p-l)(u-1)=2 2335.98 1167.99 

(p-lxq-l)(r-1)=8 1776.55 222.07 
(p-l)(q-l)(u-1)=4 4203.36 1050.84 
(p-l)(r-l)(u-1)=4 9846.38 2461.60 

@-l)(q-I)@-l)(u-1)=8 13438.88 1679-s 

qni(kz-lxp-1) = 7164 42588.35 

12&.0 98.79 * 
20955.10 1609.82 * 
39445.33 3030.30 * 

2821.46 216.75 * 
225.05 17.29 * 

18734.52 1439.24 * 
393.58 30.24 * 

1’9.17 

5945 

326.77 
35.41 

868.03 
196.47 

37.36 
176.77 
414.08 
3F13 cI1 -1-D_ _ 

6.631 * 
4.61 * 
4.61 * 
6.63 * 
3.32 * 
4.61 - 
4.61 * 
3.32 * 

a A = department being examined. 
B = inefficiency levels. 
C = inefficient department. 
D = distribution. 
* = Significant at less than 0.01. 

likely. The Gamma is skewed towards inefficient 
production, allowing for major p 
-options due, for example, to machine breakdowns 
in more machine-intensive (machine dependent) 
production. 

The experiment is thus a split plot factorial 
design with repeated measures on the department 
being examine& This results in 54 individual cells 
cc3 X 3 X 3 X 2). The dependent vtiable is the 
zverage n-umber of exception variances per week 
occurring over a 5 year simulation. The simulation 
was run 3,600 times, enab 
each of the 54 ceils (e 
one observation for e 
being examined). 

2.3. Results 

Table I summarizes the average number of 
exception variances reported under each of the 

ntal conditions. The analysis of variance 
in table 2. Because of the repeated 

measures, conseT+-&- F-tests suggest4 by firk 

[ll] are computed.. _Gu main effects aid interac- 
tiofis arc $@fiwt at 
three hypotheses of in 
tigation. These are descri 
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Table 3 
Detail for hypo!he+s one (the average n~rrn!~ of exception 
variances for each inefficient department are compared across 
inefficiency levels, for both Normal and Gamma distribu- 
tions). a 

Inefficient Inefficiency level differences 
department 
being examined 

1046-208 20%-u)% 

For Nond &r&&n 
A&l - 0.24 - 0.41 - 0.65 
A2C2 - 0.02 0.03 0.01 
A3C3 -6.94 * -4.85 * -11.79 * 

For Gamma dstribution 
A&, - 0.88 -0.18 -1.06 
A2C2 -1.00 1.00 0.00 
A3C3 2.01 ** 0.00 2.01 ** 

‘A,,= ~tbeinge~edisn(n=lforfitstd~- 
meat, n = 2 for middle department, n = 3 for last de- 
partment). 

C, =lInefficient department m (see n, above). 
* =Siicant at alpha = 0.01. Scheffe’s test: Ftiu = 

~7hO~.l7.7164 1 = 17(1.%) = 33.32. Critical differenoe be- 
tween means: (33.32 [X945 (2/2OO)D’~=1.41. 

** =Significant at alpha = 0.01, but in the wrong direction. 

frequency of exception variance reports for that 
department. If Hi is rejected, then the variance- 
tracking system does help depict changes in a 
specific department’s inefficiency. As illustrated in 
table 3, Ht is rejected (alpha = 0.01) in only one 
out of the six possible cases (for the last depart- 
ment when production is described by a Normal 
distribution). 

H, addresses the ability to distinguish ineffi- 
cient from efficient departments. If H2 is rejected, 
then the variance-tracking system can differentiate 
between inefficient and efficient departments. As 
illustrated in table 4, H2 is rejected for the first 
and the last departments (alpha = 0.01) for both 
production distributions. However, Hz cannot be 
rejected for the middle department. In fact, the 
middle department tends to generate fewer excep- 
tion variance when it is inefficient (alpha = 0.01 
for Gamma production). 

3 is concerned with the detection of relative 
inefficiency across departments. If H; is rejected, 
then equally inefficient departments produce sig- 
nificantly different numbers of exception vari- 
ances. The variance-tracking system thus could 

e relative inefficie 
illustrated in tab 

Table 4 
Detail for hypothesis two (the average number of exception 
variances reported by each inefficient department is compared 
with the average of those reported by the other two (effkient) 
departments. These comparisons are done for both the Normzl 
and the Gamma dktiibutions). o 

A&, -(A& +A,C,),/2 
Normal 24.18-(23.04+21.64)/2 = 1. 
Gamma 24.09 - (24.01+ 22.33)/2 = 0.92 - 

A& -UW2 +L‘3c2)/2 

Normal 23.69 - (23 79 + 23.77)/2 = - 0.09 
Gamina 15.67 - (22.34+ 23.54)/2 = - 7.27 * * 

A3C3 -f&C3 +A$,)/2 

Normal 32.89 - (29.68 + 30.60)/2 = 2.76 * 
Gamma 24.66 -(19.38 + 23.16)/2 = 339 * 

= A,=Department being exammedisn(n=lforfirstde- 
partment, n = 2 for middIe d-t, n = 3 for last 
department). 

C, = Inefficient department m (see n, above). 
* =Significant at alpha = 0.01. Scheffe’s test: f&,& = 

2( Fo.o1_2_7164) = 2(4.61) =9.22. Critical difhxce be- 
mm means: (9.22 fS.945 (0.S/600)]*/2 = 0.21. 

* * =Significant at alpha = 0.01, but in the wrong direction. 

is rejected (alpha = 0.01) in all but 28 percent of 
the cases. The variance-tracking system seems to 
react appropriately only when the first 1s com- 
pared to the middle department with Normal pro- 
duction, 

Table 5 
FM&il for hypothesis three (the average number of exception 
variances for one inefficient department is compared to that of 
each other inefficient department at various inefficiency levels. 
This is done for both the Normal and Gamma distributions). a 

. 
Inefficrency ArCI -A2C2 A&, -A3C3 A2C2 -A3C3 
level 

For Normal distribution 
10% 0.21 
20% 0.43 
30% 0.86 

-2.77 * -2.97 * 
-9.47 * -9.89 * 

-13.91 * - 14.77 * 

For Gamma distribution 
10% 7.44 + 
20% 9.32 * 
30% 8.50 * 

-2.56 * - 10.00 * 
0.33 -8.99 * 
0.50 -8.00 * 

-~~ ~~~~ 
a An= department being examined is n( tt = i for first depart- 

ment, n = 2 for middle department, n = 3 for last 
department). 

C,,, =inefficient department m (see n, abcve). 
* = Significant at alpha = 0.01. Scheffe’s test: Z$nl,cal = 

I’( F0.01.17.7164) = 17(1.96) = 33.32. Critical difference 
between means: (33.32 [5.945 (2/2OG)J)‘/* = 1.41. 
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3. Discussion of Results 

The results of our experiment indicate that the 
popular use of variance-tracking MIS to help con- 
trol interdependent production departments may 
be inappropriate. Under these conditions, this type 
of ‘Mis may not reliably indicate: 

(1) changes in one department’s inefficiency, 
(2) inefficient versus efficient departments, 
(3) relative inefficiency across departments. 

In addition to unreliability, there are interesting 
cases when variance-tracking works in a cewntw- 
intuitive manner. For example, the evidence sur- 
rounding Hz indicates that variance-tracking is 
effective for depicting when the fiist or the last 
department is inefficient. Problems occur when 
tracking the variances associated with the middle 
department. in fact, with Gamma p-‘Qd~~ti~& ex- 

ception reporting occurs in a counter-intuitive 
manner: the reports decrease for the middle de- 
partment when it is inefficient. These findings can 
be explained by the reaction to inefficiencies by 
surrounding departments. To give an understand- 
ing of these departmental interactions, and their 
effect upon exception reporting, this result is fur- 
ther discussed below. 

Though other departmental reactions to an in- 
efficient dq~rt~ent may be globally optimal, they 
typically result in decreased individual department 
productivity. For example, if the middle depart- 
ment is inefficient in one period, the first depart- 
ment will reduce its production to reduce inven- 
tory holding costs, while &e last d~~zrtzmt has a 
good chance of production halts due to insuffi- 
cient material input. Since the middle department’s 
difficulties are short run, the first and last depart- 
ments do not lti;d off personnel. This results in 
higher costs per unit produced for these two de- 
partments, though they have reacted in an optimal 
manner given the middie department’s ineffi- 
ciency. In this scenario, there is a goo 
that all three departments will generate an excep- 
tion report. Thus it heems reasonable to find no 
significant difference with Normal production be- 
tween the number of exception. rqmrt,s fGr the 

three departments when the middle de t is 
inefficient. 

The effects of Ga 
text illustrates an int 

as 
er 

having an equal number of exception reports, the 
end departments actually have more than the mid- 
dle department. This can be explained by envi- 
sioning the middle department to be 0e.9 ineffi- 
cient in one period, the Gamma Distribution being 
skewed toward inefficiency. This very large dis- 
turbance results in extreme production cutback by 
the end departments, which takes several periods 
to overcome. Because of the requirement to meet 
finished goods demand, all three departments sub- 
sequently attempt to employ overtime labor to 
increase output; the use of overtime increases the 
chance for an exception report. However, for the 
middle and last departments, the use of this extra 
labor is constrained by the availability of input 
inventories, while for the first and middle depart- 
ments, the use of this extra labor is constrained by 
the ability of subsequent departments to use the 
output (so that excess buffer inventories are not 
produced). These constraints increase the time 
required for the system to return to “normal” 
production, but 3lfo tezzpzr ke potential for ex- 
ception reports. Thus, the middle department has 
both types of constraints, while the other two 
depart4nents only have one constraint each. It is 
for this reason that the middle department can 
have fewer exception reports when it is inefficient. 
It is interesting to note that, though not statisti- 
cally significant, exception reports with Normal 
production also show this pattern. 

The combination of widespread use of vari- 
ance-tracking systems iq manufacturing contexts 
with the controversy surrounding the validity of 
such systems led to this exploratory research. A 
simulation was built which depicted an interde- 
pendent three stage production process based upon 
data gathered from a paint manufacturing firm. 
T-- 11G ~lIIlULG4RC~WL~ SW. w--w_ -:---l~*;-m -w~l~cl pot_entiai probiems with 

using traditional variance-tracking MISS in such 
interdependent manufacturing contexts. 

in manufacturing c airms? Such continued use could 
be because the systems: 
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(2) are an example of neutral mutation [13] and 
serve no useful nor harmful purpose, 

(3) are deficient enough to warrant the cost of 
updating but production managers are un- 
aware of the problems. 

Based upon our simulationi there is evidence that, 
in todays interdependent manufacturing contexts, 
variance-tracking systems can be worse than noisy: 
they can provide misinformation. The noisy-but- 
usefur and the neutral mutation arguments are 
thus not supported. Current use of variance-track- 
ing MISS may then be because prduction 
managers are unaware of the extent of the prob- 
lem. This research can then serve to make produc- 
tion managers more aware of this issue. 

What are potential solutions to these variance- 
tracking problems? There are at least three possi- 
bilities. First, if the manufacturing processes are 
highly inter&pendent it may not make sense to 
treat departments as autonomous decision making 
units. Rather, the entire factory (or that subset of 
highly interdependent departmen;$ sh~cfd be 
treated as a single unit for control purposes. Sec- 
ond, variance-tracking systems can become more 
sophisticated and include factory-wide efficiency 
factors (inventory holding costs, effect of stockouts 
upon other departments’ efficiencies) in addition 
to the traditional intra-departmental efficiency 
factors (idle labor, overtime labor, idle machines). 
Finally, variance-tracking systems should be 
treated as only one of many information sources 
used to evaluate departmental control [2]. Other 
information can include quality measures, physi- 
cal productivity measures, and work force skill 
and morale measures p0). 

As a final note? the issue of external validity 
should be raised. Because of the exploratury na- 
ture of this study, any generalizations must be 
made tentatively. Further research is require? to 
validate these results for other continuous manu- 
facturing environments, as well as for intermittent 
and job shop environments. 
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