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Abstract

Two Monte Carlo tests of the accuracy of clustering procedures have suggested that
NORMIX performs poorly under conditions of cluster overlap. In each of these
previous studies, however, the accuracy criterion specified that an entity be assigned
to the single population from which it was sampled. NORMIX population
membership probabilities were used for this purpose by assigning entities to the
single population of highest probability. It is argued in this research that, when
populations overlap, a more appropriate criterion of accuracy would recognize that
entities may belong to multiple populations. Moreover, it is argued that NORMIX
probabilities can be useful in making such multiple group assignments. The results
of a Monte Carlo test support this argument.
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The NORMIX clustering program (Wolfe, 1970, 1971b) solves the

clustering problem by decomposing a sample of multivariate observations into a

mixture of multivariate normal distributions, where each distribution characterises

the attributes of one population thought to be represented in the data. One output

of this procedure is a set of membership probabilities which indicate how likely it is

that each sampled entity belongs to each hypothesized population. These

probabilities are used for classification, the standard approach being to classify an

entity into the single population for which its membership probability is highest.

This tendency to use NORMIX probabilities as imperfect indicators of a

sample partitioning overlooks potential information that the probabilities may hold

about population overlap. For example, take the case of a two cluster solution in

which the procedure estimates with probabilities of .49 and .51, respectively, that a

given entity belongs to populations 1 and 2. As these probabilities are conditioned

on the entity's measured variable scores, they suggest that the entity's profile was

consistent with both populations. Following a partitional assignment rule, however,

the entity would be assigned exclusively to population 2, a decision which seems

especially arbitrary given possible inaccuracies in the probability estimates. The

example demonstrates, therefore, that the application of a partitional assignment

rule to NORMIX probabilities which differ greatly from 0.0 or 1.0 can lead to

misleading conclusions. If NORMIX probabilities were interpreted as indicators of

cluster overlap, on the other hand, the entity in our example would be assigned to

both populations. Given the near equality of the two membership probabilities th is

result seems more reasonable than a single population classification.

Two Monte Carlo studies have examined the accuracy of the NORMIX

algorithm in distinguishing mixtures of two bivariate normal distributions using a
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partitional assignment rule (Everitt, 1974; Bayne, Beauchamp, Begovich, & Kane,

1980) . The resulting solutions were compared to those in which each entity was

assigned exclusively to the simulated population from which it was drawn. In the

earlier study, Everitt (1974) reported positive results of using NORMIX to identify

non-overlapping populations with spherical distributions and unit variance whose

centroids were separated by a Euclidean distance of 4.24. At a shorter distance of

3.54, a likelihood ratio test based on the NORMIX results rejected the hypothesis of

two populations in favor of one, and no further results were reported. Everitt did

report further positive results, however, from using NORMIX on data sets drawn

from non-spherical distributions with equally well-separated mean vectors.

In contrast to Everitt's positive results, Bayne et al. (1980) ranked the

NORMIX procedure poorly relative to other algorithms tested. In this study,

NORMIX was applied to four data sets in which observations were again drawn

from spherical distributions with unit variance, but where interpopulation distances

were equal to 4.00, 2.83, 2.00, or 1.41. Using an optimal discriminant function

assignment rule, Bayne et al. calculated the theoretical probability of

misclassification for these data sets to be .02, .08, .16 and .24, respectively, indicating

successively higher levels of population overlap as the interpopulation distance

decreased. NORMIX solutions became less accurate as overlap increased, the

average percentage of misclassified observations rising from approximately .16 at

the lowest level of overlap to .26, .30, and finally .34 at the highest level of overlap.

More troubling to Bayne at al. than the absolute levels of these percentages was the

fact that other procedures were comparatively much more accurate than NORMIX.

Average misclassification percentages for Ward's (1963) method, for example,
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increased from approximately .04 to .11, .21, and, finally, .30 as the level of overlap

increased.

Although Everitt's (1974) favorable evaluation and Bayne at al.'s (1980)

unfavorable evaluation of NORMIX have in the past been viewed as conflicting

(Milligan, 1981), it is important to note that the maximum distance between the

populations simulated by Bayne et al. was less than that for which Everitt reported

results. Rather than conflicting, therefore, the results of the two studies are

complementary. In combination, they demonstrate the accuracy of NORMIX under

a continuum of overlap conditions which ranges from clear separation in the Everitt

study to rather high overlap in the Bayne at al. study. NORMIX accuracy

correspondingly ranges from very high to moderate.

That NORMIX performed poorly in the presence of population overlap is

not surprising in light of the way that clustering accuracy was defined in these two

studies. To reiterate, an entity was considered to be misclassified if the partitioning

rule failed to assign it to the population from which it was generated. As previously

discussed, however, the likelihood of such a misclassification can be high when the

estimated group membership probabilities are far from 0.0 or 1.0. Given Everitt's

(1974) rejection of the two-population hypothesis when inter-population distances

were less than 4.24, it seems likely that in each of the Bayne et al. data sets -- where

distances were always less than 4.24 -- there existed entities which fell in the

overlapping regions of the populations and whose group membership probabilities

thus would be far from 0.0 or 1.0. Moreover, as the level of population overlap

increased, the number of such entities would increase, as would the potential for a

misclassification error of the type described above.
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Following our initial example, however, one might question the relevance of

such a misclassification criterion. For if entities display characteristics that are

within acceptable ranges on all possible dimensions of more than one population,

the designation of a single "true" population becomes rather arbitrary. In order to

obtain an accurate representation of population structure when populations overlap,

it would seem necessary to recognize that some entities are members of more than

one group. From this perspective, an entity which falls in the overlapping region of

two populations would be misclassified whenever the clustering procedure assigned

it to only one of the populations rather than to both. For clarity of exposition, we

will hereafter refer to this type of accuracy criterion and its corresponding

misclassification error as an overlapping criterion of accuracy and an overlapping

misclassification error. The criterion and misclassification error that were applied

in earlier Monte Carlo studies will be referred to as a partitional criterion of

accuracy and a partitional misclassification error.

If the overlapping criterion of accuracy had been applied in the Bayne et al.

(1980) study it is possible that the performance of the NORMIX procedure would

have improved relative to the partitional and hierarchical procedures with which it

was compared. The argument foliows from the fact that NORMIX probabilities

create the potential to make multiple group assignments whereas partitional

procedures do not. Although hierarchical procedures do give some evidence of

population overlap, this information is difficult to interpret and, thus, is seldom

treated in this way. Under the overlapping criterion of accuracy, then, the

partitional and hierarchical procedures tested by Bayne et al. would have had an

increasing disadvantage relative to NORMIX as population overlap increased.

From the way in which the study was actually conducted, however, it was NORMIX
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that may have been at a disadvantage. For the stronger the evidence was of

population overlap, the more likely it was that NORMIX probabilities deviated

from 0.0 and 1.0, and the more likely it was that a partitional misclassification error

was made.

The present study was designed to investigate the ability of the NORMIX

algorithm to recover overlapping population structures. The overlapping criterion

of accuracy in this case measured the extent to which the procedure was able to

recognize entities that have characteristics of more than one population as well as

those that are representative of only a single population. As a point of comparison,

the accuracy of two other clustering procedures was also examined. The first one,

the SAS Institute's (1983) OVERCLUS, was designed explicitly to identify

overlapping clusters. It was selected from among other overlapping cluster

procedures on the basis of its wide availability and its capacity to handle large data

sets. The second comparison procedure .was Ward's (1963) method, which is an

agglomerative hierarchical technique found in several Monte Carlo studies to be

generally accurate and robust to various data characteristics. Ward's method was

selected because 1) Milligan (1981) has suggested that it performs better than other

partitional and hierarchical procedures in the presence of cluster overlap, and 2) it

was one of the procedures found by Bayne et al. (1980) to be generally superior to

NORMIX under a partitional criterion of accuracy. Each of the comparison

methods thus presents a strong alternative to NORMIX for clustering overlapping

populations. Moreover, by comparing the relative performance of Ward's method

and NORMIX in the current research to their relative performances in the study by

Bayne et al., insight will be gained as to whether the accuracy criterion adversely

affected NORMIX's performance in the earlier study.
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Method

Data Sets

The accuracy of the three clustering procedures was investigated in the

context of a Monte Carlo study in which observations were sampled from simulated

populations which exhibited various levels of overlap. In addition to population

overlap, the research design manipulated four other factors that have been shown in

previous studies to differentially affect the accuracy of various clustering procedures

(see Milligan, 1981 for a review). By examining a greater variety of data

characteristics than was present in the earlier studies we hope to obtain more

general conclusions about the accuracy of the NORMIX procedure. The other

factors investigated were 1) the number of populations from which observations

were sampled, 2) the number of dimensions for which data were generated, 3) the

level of correlation among the dimensions, and 4) whether covariance matrices were

identical or different across the sampled populations. Table 1 lists these design

factors along with the levels at which they were operationalized.

Insert Table 1 about here

A complete factorial design of the variables and levels listed in Table 1

would contain 2 x 34, or 162, ceils. In order to keep the simulation at a manageable

level of complexity, however, the study employed a 1/2 fraction of this complete

design constructed so that no main effect or two-way interaction was confounded

with any other effect (Connor and Young, 1961). While not exhaustive of the data

characteristics that may influence clustering accuracy, the selected design presents a
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reasonable cross-section of the features likely to be present in many realistic

problems.

Clustering Algorithms

Each of the three clustering procedures examined in this study was

implemented under a variety of operationalizations in order to gain as much

information as possible. A listing of the procedures and their implementation

options is given in Table 2.

Insert Table 2 about here

NORMIX 1 . Wolfe's (1971b) NORMIX program allows for user input of

initial estimates of population proportions, means, standard deviations, and

correlations. Starting from this information the program produces an initial

clustering solution from a type of KMEANS analysis (MacQueen, 1967). In the

current study an initial solution was obtained from Ward's (1963) method.

Estimated proportions, means, standard deviations, and correlations from this

solution were then input to the NORMIX program. By using Ward's method both

as a comparison technique and as an initial solution for NORMIX it was possible to

determine whether NORMIX actually improved on the initial input.

The solution from Ward's method was selected by examining the

hierarchical output at a point corresponding to the prespecified number of

populations and imposing the constraint that 100% of the observations be clustered.

Whereas interesting issues surround the questions of how to determine the

appropriate number of clusters underlying a given data set and how to determine if
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1 0

some entities are outliers which ought not to be clustered (see, e.g., Edelbrock,

1979; Everitt, 1981; Wolfe, 1971a), these were beyond the scope of the present

study. For the sake of simplicity, all procedures in this study were implemented

under the assumptions that the number of clusters was known a priori and the

samples included no outliers.

The NORMIX program includes an option for constraining all estimated

population covariance matrices to be equal. The option can have an important

effect on clustering accuracy, as an unconstrained solution may lead to problems of

convergence whereas an incorrectly constrained solution may distort the estimated

group membership probabilities (Everitt, 1974; Symons, 1981). In order to test the

sensitivity of the procedure to this option, NORMIX was run under both

specifications for each data set examined. Moreover, an iteration limit of 100 was

specified; if NORMIX failed to converge by the time the limit was reached, the

solution at that point was retained for final analysis.

A second variant in the way that NORMIX was implemented was based on

a rule for determining how probabilities should be used to assign entities to clusters.

Although it was argued above that probabilities can be used to identify population

overlap, this task can be problematic in practice. A complete understanding of a

sample's structure would require that the entire set of probability estimates be

examined for each entity individually. When the number of entities and/or the

number of populations is large this task becomes prohibitively complex. For this

reason, the researcher may wish to establish cutoff levels to be used for classification

purposes. For example, in a two-cluster solution, probabilities of .66 or greater

might be taken as indicative of single population membership. Accordingly,

probabilities between .35 and .65, inclusive, would be taken as representative of dual



population membership. Alternatively, single group assignment might be limited to

only those entities having probabilities of .91 or greater. In this case, probabilities in

the range of .10 to .90 would indicate dual group membership.

The minimum acceptable probability level for single group assignment can

vary between .51 and 1.00 (rounding to two decimal places). As the cutoff level gets

lower, clustering solutions will approach those obtained from the partitional

assignment rule applied in previous studies; as the level gets higher, more and more

entities will be assigned to multiple clusters. As a result of these differences in

group assignment, the choice of a cutoff level can substantially affect clustering

accuracy. In order to investigate the sensitivity of the NORMIX algorithm to this

implementation option, the current study employed 10 different minimum levels for

single group assignment. When applied to a two-population scenario these cutoffs

corresponded to probability levels of .51, .55, .60, .64, .67, .75, .80, .85, .90 and .95.

Since the simulated data sets employed in the study were mixtures of 2, 3 or

4 populations, it was necessary to develop a consistent procedure for applying the

cutoff rule so that results were comparable across conditions. Rather than establish

cutoffs in terms of simple probabilities, therefore, the rule was based on ratios of

probabilities. To illustrate, consider a three-population scenario in which the

highest cutoff level (corresponding to .95 in the two-population case) is to be

applied. In this case, the rule would stipulate that an entity be assigned to all three

groups unless the ratio of the largest group membership probability to the smallest

group membership probability was greater than 19. If this ratio did exceed 19, then

the rule would stipulate that the entity be assigned to the two groups of highest

probability unless the ratio of the largest to the middle probability exceeded 19. In

the event that this test was also passed, the entity would be assigned only to the
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group of highest probability. As an example, an entity with estimated probabilities

of .25, .30 and .45 would be assigned to ail three populations (since .45/.25 =1.8),

whereas an entity with probabilities of .02, .49 and .49 would be assigned to

populations 2 and 3 (since .49/.02=24.5 but .49/.49 =1.0), and an entity with

probabilities of .01, .02 and .97 would be assigned only to population 3 (since

.97/.01=97.0 and .97/.02=48.5).

As this procedure can be generalized for application to any number of

populations, it allowed for a consistent cutoff rule across design cells. Cutoff levels

2 through 10 were implemented by comparing probability ratios to the values 1.25,

1.50, 1.75, 2.00, 3.00, 4.00, 5.50, 9.00, and 19.00, respectively. Cutoff level 1 was

implemented by assigning each entity to the single population of highest

membership probability.

OVERCLUS. The OVERCLUS procedure (SAS Institute, 1983) is an

algorithm for fitting Shepard and Arabie's (1979) additive clustering model. The

model decomposes the dis/similarity between two entities i and j into the effects of

the subgroups to which both entities belong. Conceptually, each subgroup

corresponds to a distinct characteristic of the entity, and each characteristic has an

associated weight reflecting its importance. The algorithm attempts to reconstruct

the input dis/similarity matrix by identifying group classifications and estimating

group weights.

An important characteristic of the OVERCLUS procedure is that it is based

on an internai consistency criterion. That is, clusters are formed on the basis of fit

between actual and estimated dis/similarity matrices rather than on any measure of

cluster cohesion. For this reason, the procedure's accuracy will be sensitive to the

appropriateness of the measure used as input. If the selected measure distorts the



true relationships among entities, the OVERCLUS solution will reflect this

distortion. To test the sensitivity of the OVERCLUS procedure to this option, four

different measures were used: Euclidean distances, Euclidean distances on pre-

standardized data, product moment correlations, and Cattell's (1949) profile

similarity measure rp (the four measures will hereafter be referred to as D, D-S, r

and r respectively).P'

The OVERCLUS procedure has several additional implementation options

which were not varied in the present research. Among these is the choice of an

optimization technique to determine the extent of the calculations at each iteration

of the program. In general, the higher the optimization level, the better the

solutions but the longer the program takes to run. The program's documentation

recommends that optimization level 3, the highest level possible, be used only for

very small clustering problems. Therefore, level 2 was applied in the current study

to create a high potential for accuracy while avoiding excessively long computer

runs. In addition to setting the optimization level, the current study limited the

number of iterations to 10, which is the program's default level. Finally, the

DISTANCE option was used to specify when the input data were dissimilarities

rather than similarities.

Ward's Method. Ward's is an agglomerative hierarchical procedure which

seeks to minimize the sum of squared deviations of every entity from the centroid of

the cluster to which it is assigned. The method has been shown to be highly

accurate in previous studies employing a partitional accuracy criterion, and Milligan

(1981) has suggested that it may perform better than other hierarchical and

partitional procedures when clusters overlap. Although the procedure has been

found to be robust to many complicating factors, it is known to be sensitive to
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nonspherical clusters, and it has a tendency to produce clusters of equal size. As the

algorithm for Ward's method is based on a distance measure, no correlational input

was used in the present research. Input measures thus were D and D-S.

Procedure

The IMSL (1980) subroutine GGNSM was used to generate 10 data sets

(i.e., replications) for each cell of the fractional factorial design. Values for

population variances were selected randomly from a uniform distribution which

ranged from 5.00 to 20.00. Initial values for population means were similarly

selected from a uniform distribution which ranged from 100.00 to 115.00. The

design variables in Table 1 were then used to specify the characteristics of the

sampled distributions, and 50 observations were drawn from each distribution

specified. Thus, for example, if the design cell called for the use of level 1 on each

of the variables, 10 data sets were created such that each data set contained 100

observations drawn in equal proportions from two populations with equal, diagonal

covariance matrices and four dimensions. In addition, approximately 2% of the

sampled observations were drawn from overlapping regions of the populations.

In order to comply with overlap specifications, the initial set of population

means was subject to modification. An iterative procedure was used in which a) 10

data sets were generated for a particular cell, b) the average percentage of entities

having multiple population status was calculated across the 10 data sets, c) mean

vectors were adjusted to be doser or farther apart if this average deviated from the

specified percentage by more than one unit in either direction, and d) a new group

of 10 data sets was generated from the modified mean vectors. This procedure

continued until the required level of overlap was achieved.
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In order to determine whether entities had multiple population status,

population boundaries were designated as hyper-spheres or hyper-ellipsoids two

standard deviations away from the mean on each variable. Under the assumption of

multivariate normality 95% of the sampled observations were expected to fall within

these boundaries. An entity was considered to be a member of any population for

which it feu within these 95% confidence limits. Thus, it was possible for an entity

to have membership in from one to four populations, depending on the cell of the

design.

Once 10 data sets had been created with the required cell characteristics,

each was clustered by the eight procedure/option combinations listed in Table 2.

NORMIX solutions were then further subjected to application of the 10 cutoff rules

for translating the estimated population membership probabilities into group

classifications. Clustering accuracy was then assessed for each of the obtained

solutions using the Collins and Dent (1988) Omega index. Omega is a generalized

Rand (1971) statistic which allows for multiple group membership and adjusts for

chance levels of agreement between the obtained solution and the known "true"

population classifications. Specifically, the index reflects the observed improvement

over chance agreement relative to the maximum improvement over chance

agreement, where agreement means that the true solution and the clustering

solution placed a pair of entities together in the same number of clusters.

Results

An overview of the results is given in Table 3 which shows the average value

of Omega for each clustering procedure at each level of the design variables.

NORMIX results for cutoffs 2, 4, 6 and 8 have been eliminated for ease of
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exposition. In no case did these results violate the continuous response pattern

demonstrated in the table. Two general conclusions can be drawn from Table 3.

First, it is clear that all of the tested procedures performed at a better than chance

level of accuracy, regardless of the level of population overlap. Looking at the first

three rows of the table, in which results are averaged over all variables except

overlap, we see that Omega was at least .09, indicating that at least 9% of the

possible improvement over chance was realized, regardless of the overlap condition.

Moreover, at low levels of population overlap, average Omega ranged as high as .92.

Thus, each of the examined procedures was capable of contributing positively to the

correct identification of cluster structures when the level of population overlap was

as high as 40%.

Insert Table 3 about here

A second conclusion is that NORMIX was generally the most accurate of

the three procedures tested, whereas OVERCLUS was generally the least accurate.

Although the average level of Omega was similar in many cases for NORMIX and

Ward's procedure, NORMIX values were systematically higher. NORMIX thus was

able to improve on the input used to generate its initial solutions. OVERCLUS, in

contrast to the other two procedures, performed rather poorly.

In order to gain additional insight into the performance of the three

clustering procedures, the results of each were subjected to additional analysis on an

individual basis. Each analysis took the form of a 3 4 x 2 ANOVA (Overlap x

Populations x Dimensions x Correlation x Covariance) with repeated measures on

the implementation options for the procedure. AH main effects, two-way
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interactions and three-way interactions of within- and between-treatment effects

were estimated. Multivariate F tests involving within-treatment effects were

approximated on the basis of Wilk's lambda statistic. In the event that within- and

between-treatment effects did not interact, the latter were examined with pooled

multivariate F tests.

Prior to conducting the ANOVAs, Omega values were averaged across the

10 replications within each cell of the research design. These averages then served

as the dependent measures in subsequent analyses. The benefits of this procedure

were two: 1) by reducing the error degrees of freedom the operation reduced the

likelihood that weak effects would be found significant on the basis of sample size,

and 2) it increased the normality of the dependent measure. As indicated below,

the normality hypothesis could not be rejected for any of the reported ANOVAs.

NORMIX 

Two within-treatment effects were included in the ANOVA on NORMIX

results: covariance specification (equal vs. unequal) and cutoff level (1 through 10).

Normality was tested with the Shapiro-Wilk W statistic computed by the SAS

Institute's (1985) Proc UNIVARIATE. A low value of W, which ranges from 0 to 1,

leads to rejection of the normality hypothesis. W for the NORMIX data was equal

to .98 (p < .42) , indicating that the normality hypothesis should be retained. Plots of

residual values against predicted values and treatment levels showed a satisfactory

variance structure for ANOVA.

The first examined issue for NORMIX was whether the probability cutoff

rule affected clustering accuracy. From Table 3 it can be seen that the accuracy of

NORMIX solutions increased in the 2% and 20% overlap conditions as cutoff levels
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increased up to level 9, after which it slightly decreased. In the 40% overlap

condition, however, accuracy continued to increase up to cutoff level 10. In general,

then, the resuits suggest that strong evidence of single group membership should be

required before a single group classification is made. The decline in accuracy at

cutoff level 10, however, suggests that the use of an extremely stringent cutoff rule

may be unwarranted when population overlap is low.

The significant effect of the cutoff variable was supported by ANOVA

results (F(9,31)=37.74, p < .001). Additional insight into this effect was obtained by

calculating for each cell of the design the deviation of the Omega value at every

cutoff level from the maximum Omega value across the 10 cutoff levels. This

deviation measure indicates the drop in Omega that was realized by a suboptimal

choice of cutoff. Table 4 shows average and maximum deviations for each cutoff

level as a function of population overlap. The value in the upper-left corner of the

table, for example, indicates that when covariance matrices were constrained to be

equal, the average deviation between Omega at cutoff 1 and Omega at the optimal

cutoff was .005, where the average is across the 28 cells with 2% population overlap.

Moreover, the deviation in this case was not more than .019 for any of the 28 cells.

Insert Table 4 about here

Table 4 reinforces the conclusion that the optimal cutoff level increased

with population overlap. The result is rather intuitive rince higher overlap means a

greater number of entities belonging to multiple groups, and higher cutoffs make

multiple group assignments more likely. Nevertheless, it is noteworthy that in none

of the overlap conditions was cutoff level 1 which corresponds to the partitional
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assignment rule used in previous examinations of NORMIX accuracy -- the overall

optimal level. In the 2% overlap condition, cutoffs 6 and 7 minimized both average

and maximum deviations from the optimal level of Omega. At 20% overlap, by

contrast, deviations were minimized at cutoff level 8. Finally, in the 40% overlap

condition, deviations were minimized at cutoff levels 9 or 10.

A second conclusion to be drawn from Table 4 is that the cutoff option had

a greater effect as population overlap increased. This is supported by a significant

Cutoff x Overlap interaction (F(18,62)=8.65, p < .001). In the 2% overlap condition,

Omega was systematically high regardless of the specified cutoff. That is, when

population separation made the clustering task very easy, the cutoff option had little

effect. The maximum deviation between Omega at a given cutoff and Omega at the

optimal cutoff thus never exceeded .052 when population overlap was low. When

overlap was at 40%, on the other hand, the maximum deviation reached .133. Thus,

the choice of a very low cutoff in the high overlap condition reduced the realized

improvement over chance by as much as 13%; the maximum loss incurred by

selecting a very high cutoff in the low overlap condition was limited to 5%.

Combining this result with that of the previous paragraph, the analysis suggests that,

even when overlap is minimal, researchers would do well to avoid a partitional

assignment rule in favor of one which requires stronger evidence of single group

membership. Moreover, the higher the suspected level of overlap, the more

stringent the assignment rule should be and the more critical its selection becomes.

The effect of the cutoffs in enhancing clustering accuracy under high

overlap conditions was moderated by the number of populations and the number of

dimensions. Just as very low overlap made the clustering task so easy that the

cutoffs had little effect, very high dimensionality or a very low number of
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20

populations made the clustering task so difficult that the cutoffs again had little

effect (Cutoff x Dimensions F(18,62)=5.56, p < .001; Cutoff x Populations

F(18,62)=1.80, p < .05; Cutoff x Overlap x Dimensions F(36,118)=2.08 p< .01;

Cutoff x Overlap x Populations F(36,118)=1.58, p <.05). Thus, with 40% overlap

and 12 dimensions, average Omega increased from .07 at cutoff 1 to .10 at cutoff 10.

Alternatively, with 40% overlap and only four dimensions, average Omega

increased from .27 to .34. Similarly, with 40% overlap and two populations, average

Omega increased from .05 at cutoff 1 to .09 at cutoff 10, whereas with 40% overlap

and four populations the increase was from .26 to .33. Finally, under the combined

negative conditions of high dimensionality and a low number of populations the

cutoffs had almost no effect at all. Under conditions of 40% overlap, 12 dimensions,

and two populations, NORMIX performed at close to a chance level of accuracy,

and average Omega increased only from .01 at cutoff level 1 w .02 at cutoff level 10.

The next question to be addressed was whether the covariance specification

affected the accuracy of NORMIX solutions. Table 3 shows that Omega values

were systematically higher when equal covariance matrices were estimated for all

populations. This was true even when actual covariance matrices were unequal. In

this latter case, however, the gain achieved by constraining the matrices was less

than that realized when the constraint conformed to actual conditions. The result

suggests that the increase in estimation degrees of freedom realized by constraining

covariance parameters led to an increase in estimation accuracy that more than

offset any loss in accuracy arising from an incorrect designation of matrix equality.

A significant main effect of covariance specification (F(1,39)=116.27, p <.001) and a

significant interaction of covariance specification with the actual covariance

structure (F(1,39)=9.17, p < .01) support these conclusions.



From Table 4 it can be seen that the cutoff option also had greater effect

when the estimated covariance matrices were constrained to be equal. In the 2%

overlap condition, the average deviation score ranged from .002 to .013 when

covariances were constrained, but only from .002 to .008 when covariances were

unconstrained. Similar results are found in the 20% overlap condition where

average deviations ranged from .005 to .038 under the covariance constraint and

from .007 to .027 without the constraint, and in the 40% overlap condition, where

the ranges were from .004 to .058 and from .003 to .044, respectively. Thus, by

reducing overall NORMIX accuracy, an unconstrained covariance specification also

reduced the potential gain to be realized from the cutoffs. A significant interaction

of covariance specification and cutoff (F(2,38)=4.49, p < .02) and a significant three-

way interaction of covariance specification, cutoff and overlap (F(18,62)=2.05,

p <.02) supports these conclusions.

Dimensions and populations also interacted with the covariance

specification just as they did with the cutoff option (Covariance Specification x

Populations F(2,39)=15.38, p < .001; Covariance Specification x Dimensions x

Populations F(4,39)=4.72, p < .01) That is, as the number of populations decreased

and the number of dimensions increased, the clustering problem became more

difficult for NORMIX and the results became less sensitive to the covariance

specification. Under very difficult conditions of two populations with 12 dimensions,

the average gain in Omega realized by constraining the covariance matrices was

limited to .01. In the case of four populations with 12 dimensions, by contrast, the

average gain in Omega was .13.

Finally, the covariance specification variable significantly interacted with

the correlational structure of the data (F(2,39)=5.35, p < .01). Correlation generally
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had a positive effect on NORMIX accuracy, as a very high level of correlation

restricts the range of possible parameter values once one or two values have been

fuced. When the covariance matrices were unconstrained, however, the unfavorable

effect due to the increased number of parameters more than offset the favorable

effect of the correlations. Thus, whereas Omega continually increased with

correlation in the constrained covariance situation, it did so in the unconstrained

situation only when the number of dimensions was restricted to four. With eight

dimensions in an unconstrained problem, Omega first increased then decreased as

correlation became stronger; with 12 dimensions it only decreased. It thus appears

that the favorable effects of correlation were diminished by the high number of

parameters to be estimated in the latter situation. A significant Covariance

Specification x Correlation x Dimensions interaction (F(4,39)=7.15, p < .001)

supports this conclusion.

OVERCLUS 

The ANOVA on OVERCLUS results included one within-treatment

variable for the four different types of input measure (D, D-S, r and rp). The

Shapiro-Wilk W statistic was equal to .98 (p <.58) for the OVERCLUS data,

indicating that the normality hypothesis should be retained. Plots of residuals

against predicted values and attribute levels showed a satisfactory variance structure

for ANOVA.

As expected, the choice of input measure had a significant effect on

OVERCLUS accuracy (F(3,37)=12.86, p <.001). Collapsing across all cells of the

research design, average Omega equalled .30, .22, .20 and .16 for r, rp, D and D-S,

respectively. Overall accuracy thus was greatest for the product-moment
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correlation, followed by rp and the two distance measures. As seen in Table 3,

however, the superiority of the correlation measures was most apparent when there

was the greatest amount of correlation in the data. (Measure x Correlation

F(6,74)=2.78, p < .02). Indeed, in the case of uncorrelated dimensions, there was no

significant difference in the average accuracy of r, rp and D (Helmert contrast

F(1,19)=.37, p < .55 for r vs. rp and D; F(1,19)=.03, p < .87 for rp vs. D). Given the

orthogonality assumption underlying the Euclidean distance calculations, this result

points out the sensitivity of the OVERCLUS procedure to the appropriate selection

of an input similarity measure. That is, D would tend to distort the inter-entity

distances in the case of correlated dimensions but would accurately represent them

in the case of orthogonality. This distortion was reflected in the measure's poor

performance in the correlation conditions.

Additional evidence of the procedure's sensitivity to an accurate input

measure can be found by comparing the results for D and D-S. Table 3 shows that,

whereas the two measures were similarly affected by the research design variables,

D-S was inferior to D in nearly all cases. As standardization has a differential effect

on each dimension of the data, it may alter the pattern of relationships among the

sampled entities. Particularly strong distortions can arise when variables which

differ in variance across populations are standardized according to an aggregate

variance estimate. The particularly poor results of D-S relative to D under

conditions of unequal covariance matrices apparently reflect such a distortion.

Table 3 also shows that OVERCLUS accuracy was differentially affected by

overlap, populations and dimensions when different measures were used as input

(Measure x Overlap F(6,74)=4.38,p < .001; Measure x Populations F(6,74)=3.49,

p < .01; Measure x Dimensions F(6,74)=2.48, p < .03). Whereas accuracy generally
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declined as the number of populations and/or the number of dimensions increased,

the two distance measures were much more sensitive to these effects than were the

two correlation measures. In contrast, however, the former were much less sensitive

than the latter to high levels of population overlap. Average Omega values for the

two distance measures were actually higher in the 40% overlap condition than in the

20% overlap condition.

The positive effects of overlap led to overall superior performance of D

over r in the 40% overlap condition. This effect was moderated, however, by the

strong negative effect on the distance measure of a high number of populations

(Measure x Overlap x Populations F(12,98)=1.89, p < .05). Average Omega values

for D versus r in the 40% overlap condition were .23 and .14 when the number of

populations was two, .17 and .16 when the number of populations was three, but .07

and .09 when the number of populations was four. The distance measure, thus, was

superior to the correlation measure only under the joint conditions of high

population overlap and a low number of populations. As this situation will not be

commonly encountered in realistic problem situations, the correlation measure

appears to be a better choice of input measure for most OVERCLUS applications.

Ward's Method

A within-treatment effect of input measure (D vs. D-S) was included in the

ANOVA on the results of Ward's method. The Shapiro-Wilk W statistic was equal

to .98 (p < .79), indicating that the normality hypothesis should be retained for these

data. Plots of residuals against predicted values and attribute levels showed a

statisfactory variance structure for ANOVA.
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As was the case for OVERCLUS, Ward's method performed better when D

rather than D-S served as the input dissimilarity measure (F(1,39)=27.83, p < .001).

Moreover, the procedure performed worse as the level of correlation in the data set

increased, with D-S being more strongly affected than D (Measure x Correlation

F(2,39)=7.34, p <.O1). Given the orthogonality assumption underlying the two

measures and the potential distortions caused by standardization, these results are

not surprising.

Overlap, dimensions and populations also affected the accuracy of Ward's

method in predictable ways. Thus, regardless of the chosen input dissimilarity

measure, overlap had a negative effect (F(2,39)=425.22, p < .001), dimensions had a

negative effect (F(2,39)=23.19, p < .001) and populations had a positive effect on

clustering accuracy (F(2,39)=14.50, p < .001). In addition, dimensions interacted

with correlation to create particularly difficult conditions for Ward's method

(Dimensions x Correlation F(4,39) =2.92,p < .05). When the dimensionality of the

data sets increased from 4 to 12, average Omega dropped from .55 to .42 in the .0

correlation condition, from .53 to .38 in the .3 correlation condition, but from .58 to

.26 in the .6 correlation condition. Sensitivity to the dimensionality manipulation

thus increased strongly as the level of correlation increased.

The ANOVA also produced two significant interactions involving the

covariance design variable. Although the procedure generally was more accurate

when the population covariance matrices were equal rather than unequal, this was

not the case when the number of populations was limited to two (Covariance x

Population F(2,39)=3.37,p < .05) nor when D-S was used as input and the level of

correlation was .6 (Measure x Covariance x Correlation F(2,39)=7.38, p < .01).

These two exceptions to the overall positive results of covariance matrix equality are
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difficult to explain and may result from nonsystematic variations in the data set

features for these particular design combinations.

Cross-Method Comparison

A number of interesting differences appear in the way that the design

variables affected the three clustering procedures. The first one, briefly mentioned

above, is that NORMIX was less sensitive than the other two procedures to

population overlap when appropriate implementation options were specified for

NORMIX. When less desirable options were selected, however, NORMIX results

were similar to those of Ward's method, although both procedures dominated

OVERCLUS. By specifying a covariance constraint and selecting a stringent cutoff

level for single group assignments it was possible to increase average Omega for the

NORMIX solutions by as much as .10 under conditions of 40% population overlap.

This is a substantial improvement over the worst-case NORMIX results and over

the results of the other two procedures. The implication is that NORMIX has the

potential to improve clustering accuracy under high overlap conditions, provided

one has the insight to select appropriate levels of the implementation options.

For the data sets analysed here, the covariance constraint and the high

probability cutoff options were generally beneficial. Before accepting these results

as general conclusions, however, it will be necessary to test the procedure under

many more population scenarios. It is possible that the covariance constraint would

yield less favorable results if the range of population variances was greater than that

exhibited here (from 5.00 to 20.00). Insights concerning the cutoff rule, however,

may prove to be more general. Although it is feasible that a partitional rule (i.e.,

cutoff level 1) would work best when populations are widely separated, our results
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show little harm from the choice of a stringent ride when population overlap was

low. Of the 28 cells in which overlap was limited to 2%, 16 reached their maximum

levels of Omega at cutoff level 1 and stayed at that maximum Omega level at least

until cutoff 5 was reached. In only two additional cases was the Omega value lower

at cutoff level 5 than it was at level 1. Moreover, in the 10 remaining cases where

overlap was limited to 2%, Omega failed to reach its maximum level until a cutoff

level higher than 1 was implemented. The evidence suggests, therefore, that

moderately stringent cutoff rules (i.e., up to level 5) might have little effect on

clustering accuracy when population overlap is less than 2%. This assertion,

however, should be carefully checked in future research.

The strong performance of NORMIX and Ward's method in the low

overlap conditions suggests that the two procedures were accurate in identifying the

entities belonging to only a single population. As neither NORMIX using a

partitional ride nor Ward's method was capable of identifying entities belonging to

more than one population, their accuracies necessarily declined as overlap

increased. OVERCLUS, on the other hand, was capable of making both single- and

multiple-group assignments. Yet, it seems to have been inaccurate in doing the

former. The procedure's poor performance under conditions of low population

overlap may be indicative of a propensity to make multiple-cluster assignments,

even when these are unwarranted.

A second difference among the three clustering methods was in their

response to the number of populations represented in the data. Whereas NORMIX

and Ward's method performed better as the number of populations increased,

OVERCLUS performed worse. When only two populations were represented in

the data, OVERCLUS on the basis of r performed as well as, or even better than,
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the other two procedures. With three or four populations in the data, however, its

performance was substantially worse. As most realistic clustering problems are

likely to involve more than two groups, this result argues against the general

application of the OVERCLUS procedure.

Finally, Ward's method was seen to be somewhat less sensitive to the effects

of data standardization than was OVERCLUS, particularly when the actual

population covariance matrices were unequal. As standardization can distort the

pattern of inter-entity relationships, any procedure which seeks only to reproduce

the pattern exhibited by the input similarity matrix is likely to produce inaccurate

results when variables exhibit different levels of variance and standardized data are

used as input. This seems to have occurred for OVERCLUS. As Ward's method

seeks to optimize a measure of internai cluster cohesion rather than optimizing the

fit between input and output similarity matrices, it seems to be less sensitive to the

problems of standardization.

Discussion

Unlike the Monte Carlo study by Bayne et al. (1980) in which NORMIX

was found to be less accurate than the other procedures examined, this study found

NORMIX to be at least as accurate, and in many cases more accurate, than other

clustering techniques in identifying overlapping population structures. NORMIX

had the greatest potential to dominate the other procedures under conditions of

high population overlap when a stringent cutoff rule was used for cluster

assignments. In addition, NORMIX was superior to the other procedures when the

data sets contained a high number of populations and a high level of correlation

among the population dimensions. Given that the earlier study used a partitional
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assignment rule and employed data sets which represented only two populations

with uncorrelated dimensions, the potential of NORMIX to outperform the other

procedures was minimized. Moreover, by adopting a partitional criterion of

clustering accuracy, and thereby ignoring the possibility that entities can belong to

more than one group, the earlier study may have put NORMIX at a disadvantage

relative to the other procedures examined.

Consistent with previous Monte Carlo studies, Ward's method was found in

this study to be highly accurate. The procedure's strength in this research appears to

have been in correctly identifying the entities that belonged to only a single

population. As these represented at least 60% of the entities to be clustered in any

of the analysed data sets, the overall accuracy of Ward's method was high.

OVERCLUS, on the other hand, was found in this study to be highly inaccurate.

Given its poor performance, the procedure cannot be recommended for general

application to clustering problems. The results indicate that use of the

OVERCLUS procedure should be limited to problems in which few populations are

thought to be represented in the data.

Finally, although all of the tested procedures were able to contribute

positively to cluster identification in the presence of population overlap, their

performance declined substantially as the level of overlap increased. While the

clustering task becomes less feasible for any procedure as the level of overlap

becomes extreme, it would be useful for future research to determine at what level

of overlap the various procedures drop to chance levels of accuracy. Future studies

thus should be undertaken in which overlap levels are varied in ways different from

and more extreme than the levels employed here.
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Footnotes

1. In addition to NORMIX, Hartigan's (1975) Fortran program was used to

test the mixture model clustering procedure. As previously reported tests of this

procedure have all employed NORMIX, the possibility arose that poor results were

due to a problem with the NORMIX program rather than a problem with the

mixture model itself. For the study reported here, however, Omega values

calculated from the results of the two programs exhibited a correlation of .94 across

the 810 data sets analysed. Given the near equality of these results, the Hartigan

procedure will not be further discussed.

NORMIX and the Hartigan program also were run on data sets which had

been pre-standardized. As expected, Omega values did not differ for the

standardized and non-standardized conditions. Therefore, no further discussion of

standardization will be presented for the NORMIX results.
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Table 1

Design Variables and Levas of Operationalization

Percentage of sampled entities drawn from overlapping regions of populations

2

20

40

Number of populations

2

3

4

Number of dimensions

4

8

12

Correlation between any pair of dimensions

0.0

0.3

0.6

Covariance matrices

Equal across populations

Different across populations



Table 2

Clusterina Algorithms and their Implementation Options

NORMIXa

1) Covariance matrices constrained to be equal across populations

2) Covariance matrices unconstrained

OVERCLUS

1) Input data: Euclidean distances (D)

2) Input data: Euclidean distances on pre-standardized data (D-S)

3) Input data: correlations (r)

4) Input data: profile similarity (rp)

WARD'S METHOD

1) Input data: Euclidcan distances (D)

2) Input data: Euclidean distances on pre-standardized data (D-S)

a In addition to the covariance specification, each NORMIX solution was subjected to 10 différent rules for

using probabilitics to make group assignmcnts.



Table 3

Average Omemi for Fesch Clustering Procedure as a Function of Design Variable and Level

Clustering Procedure

Design Variable and Level

n

NORMIX
OVERCLUSa WARDa

Equal Covariance Matrices Unequal Covariance Matrices

1

Selected Cutoffsb

3	 5	 7	 9 10

Selected Cutoffsb

1	 3	 5	 7	 9 10 D D-S r rp D D-S

Percentage Overlap
2 280 0.92 0.92 0.92 0.92 0.92 0.91 0.88 0.88 0.88 0.88 0.88 0.87 0.32 0.22 0.51 0.37 0.85 0.80

20 260 0.49 0.50 0.51 0.52 0.52 0.51 0.40 0.41 0.41 0.42 0.42 0.42 0.11 0.09 0.24 0.15 0.40 0.36
40 270 0.19 0.20 0.20 0.22 0.24 0.24 0.14 0.15 0.15 0.16 0.17 0.18 0.15 0.14 0.13 0.14 0.14 0.14

No. Populations
2 270 0.41 0.41 0.42 0.42 0.43 0.43 0.39 0.39 0.39 0.40 0.40 0.39 0.34 0.24 0.41 0.30 0.U1 0.33
3 270 0.58 0.59 0.60 0.61 0.61 0.61 0.51 0.52 0.52 0.53 0.53 0.53 0.20 0.18 0.31 0.30 oe 0.49
4 270 0.62 0.63 0.63 0.65 0.65 0.64 0.54 0.54 0.55 0.56 0.56 0.56 0.04 0.04 0.17 0.06 0.52 0.51

No. Dimensions
4 270 0.61 0.63 0.64 0.65 0.66 0.65 0.58 0.59 0.59 0.60 0.60 0.59 0.25 0.23 0.33 0.20 0.57 0.53
8 270 0.54 0.55 0.55 0.56 0.56 0.56 0.48 0.48 0.49 0.49 0.50 0.50 0.18 0.13 0.32 0.25 0.46 0.45

12 270 0.46 0.46 0.46 0.46 0.47 0.47 0.38 0.38 0.38 0.39 0.39 0.39 0.16 0.11 0.25 0.22 0.37 0.34

Correlation Between Dimensions
.0 270 0.52 0.53 0.53 0.54 0.55 0.53 0.47 0.47 0.48 0.48 0.49 0.48 0.24 0.19 0.25 0.25 0.48 0.48
.3 270 0.54 0.55 0.55 0.56 0.57 0.57 0.50 0.50 0.50 0.51 0.52 0.52 0.19 0.14 0.27 0.17 0:49 0.45
.6 270 0.56 0.56 0.56 0.57 0.58 0.58 0.47 0.48 0.48 0.48 0.49 0.49 0.16 0.13 0.37 0.25 0.43 0.39

Population Covariance Matrices
Equal 260 0.55 0.56 0.56 0.57 0.58 0.57 0.48 0.49 0.49 0.50 0.50. 0.50 0.19 0.17 0.30 0.24 0.47 0.45
Unequal 550 0.51 0.52 0.52 0.53 0.53 0.53 0.47 0.48 0.48 0.49 0.49 0.49 0.21 0.13 0.29 0.18 0.46 0.42

a D = Euclidean distance, D-S = Euclidean distance on pre-standardized data, r = Pearson correlation coefficient, rp = Cattell's profiled similarity coefficient
b Cutoffs 2, 4, 6 and 8 were elirninated for case of exposition. In no case did these results violate the continuous response pattern demonstrated here.



Table 4

NORMIX Results: Deviation of Omega at Each Cutoff from its Value at Optimal Cutoff as a Function of Population Overlap and Covariance Specification

Percentage Overlap

2
	

20	 40

Average	 Maximum	 Average	 Maximum	 Average	 Maximum
Deviation	 Deviation	 Deviation	 Deviation	 Deviation	 Deviation

28	 26	 27

Covariance Specification
Equal

Cutoff
1	 .005	 .019	 .038	 .071	 .058	 .133
2	 .003	 .018	 .032	 .058	 .052	 .123
3	 .003	 .017	 .027	 .052	 .047	 .117
4	 .003	 .015	 .024	 .046	 .043	 .112
5	 .002	 .013	 .021	 .045	 .040	 .106
6	 .002	 .008	 .013	 .028	 .031	 .091
7	 .002	 .008	 .008	 .021	 .024	 .075
8	 .002	 .011	 .005	 .014	 .017	 .053
9	 .006	 .021	 .005	 .027	 .008	 .027

10	 .013	 .052	 .013	 .010	 .004	 .039

Unequal
Cutoff

1	 .003	 .017	 .027	 .056	 .044	 .130
2	 .003	 .011	 .023	 .049	 .041	 .122
3	 .002	 .011	 .021	 .042	 .038	 .114
4	 .002	 .006	 .019	 .041	 .036	 .110
5	 .002	 .006	 .017	 .043	 .034	 .106
6	 .001	 .006	 .013	 .035	 .027	 .087
7	 .001	 .006	 .009	 .028	 .022	 .076
8	 .002	 .013	 .007	 .017	 .018	 .058
9	 .003	 .014	 .007	 .037	 .011	 .039

10	 .008	 .049	 .014	 .091	 .003	 .029

Note: Optimal cutoff was specified to be the level, out of 10 tested, at which Omega was greatest.



88/12 Spyros MAKRIDAKIS "Business firms and managers in the 21st
century", February 1988

88/13 Manfred KETS DE VRIES "Alesithymia in organizational lite: the
organisation man revisited", February 1988.

88/14 Alain NOEL "The interpretation of strategies: a study of
the impact of CEOs on the
corporation", March 1988.

88/15 Anil DEOLALIKAR and "The production of and Munis from
Lars-Hendrik RÔLLER industrial innovation: an econotnetric

analysis for a developing country", December

1987.

88/16 Gabriel HAWAWINI "Market efficiency and equity pricing:
international evidence and implications for
global investing", March 1988.

88/17 Michael BURDA "Monopolistic competition, costs of
adjustment and the behavior of European
employment", September 1987.

88/18 Michael BURDA "Reflections on "Wait Onemployment" in
Europe", November 1987, revised February

1988.

88/19 M.J. LAWRENCE and "Individuel bias in judgements of
Spyros MAKRIDAKIS confidence", March 1988.

88/20 Jean DERM1NE,

Damien NEVEN and

"Portfolio seketion by mutuel funds, an
eqmlibrium mode)", March 1988.

J.F. THISSE

88/21 lames TEBOUL "De-industrialise service for quality", March

1988 (88/03 Revised).

88/22 Lars-Hendrik RÔLLER "Proper Quadratic Functions with an
Application to AT&T", May 1987 (Revised

March 1988).

1NSEAD WORKING PAPERS SERIES

Michael LAWRENCE and
	

"Factors affecting judgemental forecasts and
Spyros MAKRIDAKIS
	 confidence intervaLs", January 1988.

Spyros MAKRIDAKIS
	

"Predicting recessions and other turuing
points", January 1988.

James TEBOUL
	

"De-industrialise service for quality", January

1988.

Susan SCHNEIDER
	

"National vs. corporate culture: implications
for human resource management", January
1988.

Charles WYPLOSZ
	

"The swinging dollar: is Europe out of
step?", January 1988.

Reinhard ANGELMAR
	

"Les conflits dans les canaux de
distribution", January 1988.

Ingemar DIERICKX
	

"Competitive advantage: a resource based
and Karel COOL
	 perspective", January 1988.

Reinhard ANGELMAR
	

"Issues in the study of organizational
and Susan SCHNEIDER
	 cognition", February 1988.

Bernard SINCLAIR- 	"Price formation and product design through
DESGAGNÉ
	

bidding", February 1988.

Bernard SINCLAIR- 	"The robustness of some standard onction
DESGAGNÉ
	

game forms", February 1988.

Bernard SINCLAIR- 	"When stationary strategies are equilibrium
DESGAGNÉ
	

bidding strategy: The single-crossing
property", February 1988.



B. Espen ECKBO and

Herwig LANGOHR

Everette S. GARDNER

and Spyros MAKRIDAKIS

Sjur Didrik FLAM

and Georges ZACCOUR

Murugappa KRISHNAN

Lars-Hendrik ROLLER

Sumantra GHOSHAL and

C. A. BARTLETT

Naresh K. MALHOTRA,

Christian PINSON and

Arun K. JAIN

"Information disclosure, means of payment,

and takeover premia. Public and Private

tender offers in France", July 1985, Sixth

revision, April 1988.

"The future of forecasting", April 1988.

"Semi-competitive Cournot equilibrium in

multistage oligopolies", April 1988.

"Entry garce with resalable capacity",

April 1988.

"The multinational corporation as a network:

perspectives from interorganizational

theory", May 1988.

"Consumer cognitive complexity and the

dimensionality of multidimensional scaling

configurations", May 1988.

88/24

88/25

88/26

88/27

88/28

88/29

88/30
	

Catherine C. ECKEL
	

"The fmancial faliout from Chernobyl: risk

and Theo VERMAELEN	 perceptions and regulatory response", May

1988.

88/31
	

Sumantra GHOSHAL and
	

"Creation, adoption, and diffusion of

Christopher BARTLETT
	

innovations by suhaidiaries of multinational

corporations", lune 1988.

88/32
	

Kasra FERDOWS and
	

"International manufacturing: positioning

David SACKRIDER
	

plants for success", lune 1988.

88/33
	

Mihkel M. TOMBAI(
	

"The importance of flexibility in

manufacturing", lune 1988.

/34 Mihkel M. TOMBAI( "Flexibility: an important dimension in

manufacturing", June 1988.

88/35 Mihkel M. TOMBAI( "A strategic andysis of investment in flexible

manufacturing systems", July 1988.

/36 Vikas TIBREWALA and "A Predictive Test of the NBD Model that

Bruce BUCHANAN Controls for Non-stationarity", lune 1988.

88/37 Murugappa KRISHNAN "Regulating Price-Liability Compelition To

Lars-Hendrik ROLLER Improve Welfare", July 1988.

88/38 Manfred KETS DE VRIES "The Motivating Role of Envy : A Forgotten

Factor in Management", April 88.

88/39 Manfred KETS DE VRIES "Ille Leader as Mirror : Clinical

Reflections", July 1988.

88/40 Josef LAKONISHOK and "Anomalous price behavior around

Theo VERMAELEN repurchase tender offers", August 1988.

88/41 Charles WYPLOSZ "Assymetry in the EMS: intentional or

systemic?", August 1988.

88/42 Paul EVANS "Organizationa/ develomnent in the

transnational enterprise", lune 1988.

88/43 B. SINCLAIR-DESGAGNÉ "Group decision support systems implement

Bayesian ratiozudity", September 1988.

88/44 Essaim MAHMOUD and "The state of the art and future directions

Spyros MAKRIDAKIS in combining forecasts", September 1988.

88/45 Robert KORAJCZYK "An empirical investigation of international

and Claude VIALLET asset pria**, November 1986, revised

August 1988.

88/46 Yves DOZ and "From rotent to outcome: a proceas

Amy SHUEN frameworlc for partnerships", August 1988.

88/47 Alain BULTEZ,

Els GUSBRECHTS,

"Asymmetric cannibalism betweeu substitute

items listed by retailers", September 1988.

88/23	 Sjur Didrik FLAM
	

"Equilibres de Nash-Cournot dans le marché

and Georges ZACCOUR européen du gaz: un cas où les solutions en

boucle ouverte et en feedback coïncident",

Mars 1988.



"Reflections on 'Wait unemployment' in
Europe, II", April 1988 revised September
1988.

"Information asymmetry and equity issues",
September 1988.

"Managing expert systems: from inception
through updating", October 1987.

"Technology, work, and the organization:
the impact of expert systems", July 1988.

"Cognition and organizational analysis:
who's minding the store?", September 1988.

	

88/59	 Martin KILDUFF

	

88/60	 Miehael BURDA

	

/61	 Lars-Hendrik RÔLLER

	

88/62
	

Cynthia VAN NULLE,
Theo VERMAELEN and
Paul DE WOUTERS

	

88/63
	

Fernando NASCIMENTO
and Wilfried R.
VANHONACKER

"The interpersonal structure of decision
making: a social comparison approach to
organizational choice", November 1988.

"Is mismatch really the problem? Some
estimates of the Chelwood Gate II mode'
with US data", September 1988.

"Modelling cost structure: the Bell System
revisited", November 1988.

"Regulation, taxes and the market for
corporate control in Belgium", September
1988.

"Strategic pricing of differeotiated consumer
durables in a dynamic duopoly: a numerical
analysis", October 1988.

Philippe NAERT and
Piet VANDEN ABEELE

88/48
	

Michael BURDA

88/49
	

Nathalie DIERKENS

88/50
	

Rob WEITZ and
Arnoud DE MEYER

88/51
	

Rob WEITZ

88/52
	

Susan SCHNEIDER and
Reinhard ANGELMAR

88/53
	

Manfred KETS DE VRIES	 "Whatever happeoed to the philosopher- 	 88/64
	

Kasra FERDOWS
	

"Chardin; strategic roles for international
king: the leader's addiction to power,	 factoriel", December 1988.
September 1988.

"Strategic choice of flexible production
technologies and welfare implications",
October 1988

"Method of moments tests of contingent
daims asset pricing models", October 1988.

"Size-sorted portfolios and the violation of
the random walk hypothesis: Additional
emparical evidence and implication for tests
of asset pricing models", lune 1988.

"Data transferability: estimating the response
effect of future events based on historical
analogy", October 1988.

	

88/65
	

Amoud DE MEYER
and Kasra FERDOWS

	

88/66
	

Nathalie DIERKENS

	

67	 Paul S. ADLER and
Kasra FERDOWS

1989

	

89/01
	

Joyce K. BYRER and
Tawfik JELASSI

"Quality up, technology clown", October 1988

"A discussion of exact measures of
information assymetry: the example of Myers
and Malle model or the importance of the
asset structure of the firm", December 1988.

"The chia technology officer", December
1988.

"The impact of language theories on DSS
dialog", January 1989.

88/54
	

Lars-Hendrik RÔLLER
and Mihkel M. TOMBAK

88/55
	

Peter BOSSAERTS
and Pierre HILLION

88/56
	 Pierre HILLION

88/57	 Wilfried VANHONACKER
and Lydie PRICE

88/58	 B. SINCLAIR-DESGAGNÉ
	

"Assessing economic iuequality", November	 89/02	 Louis A. LE BLANC
	

"DSS software taenias: • multiple criteria
and Mihkel M. TOMBAK	 1988.	 and Tawfik JELASSI

	 decision methodology", January 1989.



89/03	 Beth H. JONES and
Tawlik JELASSI

89/04	 Kasra FERDOWS and
Arnoud DE MEYER

89/05
	 Martin KILDUFF and

Reinhard ANGELMAR

89/06
	 Mihkel M. TOMBAI( and

B. SINCLAIR-DESGAGNÉ

89/07
	 Damien I. NEVEN

89/08
	 Amoud DE MEYER and

Hellmut SCHÛTTE

89/09
	 Damien NEVEN,

Carmen MATUTES and
Marcel CORSTJENS

89/10 Nathalie DIERKENS,
Bruno GERARD and
Pierre HILLION

89/11
	 Manfred KETS DE VRIES

and Main NOEL

89/12
	

Wilfried VANHONACKER

"Negotiation support: the effects of computer
intervention and conflict level on bargaining
outcome", January 1989.

"Lasting improvement in manufacturing
performance: In search of a new theory",
January 1989.

"Shared history or shared culture? The
effects of thne, culture, and performance on
institutionalization in simulated
organisations", January 1989.

"Coordinating manufacturing and business
strategies: I", February 1989.

"Structural adjustment in European retail
banking. Some view from industrial
organisation", January 1989.

"Trends in the development of technology
and their effects on the production structure
in the European Community", January 1989.

"Brand proliferation and entry deterrence",
February 1989.

"A market based approach to the valuation
of the assets in place and the growth
opportunities of die firm", December 1988.

"Understanding the leader-strategy interface:
application of the strategic relatioaship
interview method", February 1989.

"Estimating dynamic response modela when
the data are subject to different temporal
aggregation", January 1989.

89/13	 Manfred KETS DE VRIES

89/14
	 Reinhard ANGELMAR

89/15	 Reinhard ANGELMAR

89/16
	

Wilfried VANHONACKER,
Donald LEHMANN and
Fareena SULTAN

89/17
	 Gilles AMADO,

Claude FAUCHEUX and
André LAURENT

89/18
	 Srinivasan BALAK-

RISHNAN and
Mitchell KOZA

89/19
	 Wilfried VANHONACKER,

Donald LEHMANN and
Fareena SULTAN

89/20
	

Wilfried VANHONACKER
and Russell WINER

89/21
	 Arnoud de MEYER and

Kasra FERDOWS

89/22
	 Manfred KETS DE VRIES

and Sydney PERZOW

89/23
	

Robert KORAJCZYK and
Claude VIALLET

89/24
	 Martin KILDUFF and

Mitchel ABOLAFIA

"The impostor syndrome: a disquieting
phenomenon in organizational life", February
1989.

"Product innovation: a Cool for competitive
advantage", March 1989.

"Evaluating a finn's product innovation
performance", March 1989.

"Combining related and apaise data in Linear
regression modela", February 1989.

"Changement organisationnel et réalités
culturelles: contrastes franco-américains",
March 1989.

"Information asymmetry, market failure and
joint-ventures: theory and evidence",
March 1989.

"Combining related and sparse data in tinter
regression modela", Revised March 1989.

"A ratinait' random behavior model of
choice", Revised Match 1989.

"Influence of manufacturing improvement
programmes on performance", April 1989.

"What is the role of character in
psychoanalysisr April 1989.

"Equity risk prends' and the pricing of
foreiga exchauge risk" April 1989.

"The social destruction of reality:
Organisational conflict as social drama"
zApril 1989.



89/25	 Roger BETANCOURT and

David GAUTSCHI

89/26
	

Charles BEAN,

Edmond MALIN VAUD,

Peter BERNHOLZ,

Francesco GIAVAllI

and Charles WYPLOSZ

89/27
	

David KRACKHARDT and

Manin KILDUFF

89/28
	

Martin KILDUFF

89/29	 Robert GOGEL and

Jean-Claude LARRECHE

89/30	 Lars-Hendrik ROLLER

and Mihkel M. TOMBAI(

89/31	 Michael C. BURDA and

Stefan GERLACH

89/32	 Peter HAUG and

Tawfik JELASSI

89/33	 Bernard SINCLAIR-

DESGAGNÉ

89/34
	

Sumantra GHOSHAL and

Nittin NOHRIA

89/35
	

Jean DERMINE and

Pierre HILLION

"Two essentiel characteristics of retail

markets and their economic consequences"

March 1989.

"Macroeconomic policies for 1992: the

transition and alter", April 1989.

"Friendship patterns and cultural

attributions: the control of organizational

diversity", April 1989.

"The interpersonal structure of decision

making: a social comparison approach to

organizational choice", Revised April 1989.

"The battlefield for 1992: product strength

and geographic coverage", May 1989.

"Competition and Investi:sent in Flexible

Technologies", May 1989.

"Intertemporal prices and the US trade

balance in durable goods", July 1989.

"Application and evaluation of a mufti-

criteria decision support system for the

dynamic selection of U.S. manufacturing

locations', May 1989.

"Design Dexibility in monopsonistic

industries", May 1989.

"Requisite variety versus shared values:

managing corporate-division relationships in

the M-Foret organisation", May 1989.

"Deposit rate ceilings and the market value

of hanks: The case of France 1971-1981",

May 1989.

89/36	 Martin KILDUFF

89/37	 Manfred KETS DE VRIES

89/38	 Manfred KETS DE VRIES

89/39	 Robert KORAJCZYK and

Claude VIALLET

89/40	 Balaji CHAKRAVARTHY

89/41	 B. SINCLAIR-DESGAGNE

and Nathalie DIERKENS

89/42	 Robert ANSON and

Tawfik JELASSI

89/43	 Michael BURDA

89/44	 Balaji CHAKRAVARTHY

and Peter LORANGE

89/45	 Rob WEITZ and

Arnoud DE MEYER

89/46	 Marcel CORSTIENS,

Carmen MATUTES and

Damien NEVEN

89/47	 Manfred KErs DE VRIES

and Christine MEAD

89/48
	

Damien NEVEN and

Lars-Hendrik ROLLER

"A dispositional approach to social networks:

the case of organizational choice", May 1989.

"The organisational fool: balancing a

leader's hubris", May 1989.

"The CEO blues", lune 1989.

"An empirical investigation of international

asset pricing", (Revised lune 1989).

"Management systems for innovation and

productivity", lune 1989.

"The strategic supply of precisions", June
1989.

"A development framework for computer-

supported conflict resohnion", July 1989.

"A note on firing conta and severance benefits

in equilibrium unemployment", lune 1989.

"Strategic adaptation in multi-business

&ms", lune 1989.

"Managing expert systems: a framework and

case study", June 1989.

"Entry Encouragement", July 1989.

"The global dimension in leadership and

organisation: issues and controversies", April

1989.

"European integration and trade flows",

August 1989.



89/49 Jean DERMINE "Home country control and mutuel
recognition", July 1989. 89/62 Amoud DE MEYER

(TM)
89/50 Jean DERMINE "The specialization of financial institutions,

the EEC mode)", August 1989. 89/63 Enver YUCESAN and
(TM) Lee SCHRUBEN

89/51 Spyros MAKRIDAKIS "Sliding simulation: a new approach to time
sertes forecasting", July 1989. 89/64 Enver YUCESAN and

(TM) Lee SCHRUBEN
89/52 Arnoud DE MEYER "Shortening development cycle times: a

manufacturer's perspective", August 1989. 89/65 Soumitra DUTTA and

89/53 Spyros MAKRIDAKIS "Why combining works?", July 1989.
(TM,
AC, FIN)

Piero BONISSONE

89/54 S. BALAKRISHNAN "Organisation colts and a theory of joint 89/66 B. SINCLAIR-DESGAGNÉ
and Mitchell KOZA ventures", September 1989. (TM,EP)

89/55 H. SCHUTTE "Euro-Japanese cooperation in information 89/67 Peter BOSSAERTS and
technology", September 1989. (FIN) Pierre HILLION

89/56 Wilfried VANHONACKER
and Lydia PRICE

"On the practical usefulness of mets-analysis
results", September 1989.

1990
89/57 Taekwon KIM,

Lars-Hendrik RÔLLER
and Mihkel TOMBAK

"Market growth and the diffusion of
multiproduct technologies", September 1989. 90/01

TM/EP/AC
B. SINCLAIR-DESGAGNÉ

89/58 Lare-Hendrik RÔLLER "Strategic aspects of flexible production 90/02 Michael BURDA
(EP,TM) and Mihkel TOMBAK technologies", October 1989. EP

89/59
(OB)

Manfred KETS DE VRIES,
Daphna ZEVADI,
Alain NOEL and

"Locus of control and entrepreneurship: a
three-country comparative study", October
1989.

90/03
TM

Arnoud DE MEYER

Mihkel TOMBAK

89/60 Enver YUCESAN and "Simulation graphs for design and analysis of 90/04 Gabriel HAWAWINI and
(TM) Lee SCHRUBEN discrete event simulation models", October FIN/EP Eric RAJENDRA

1989.

89/61 Susan SCHNEIDER and "Interpreting and responding to strategy 90/05 Gabriel HAWAWINI and
(AII) Arnoud DE MEYER issues: The impact of national culture",

October 1989.
FIN/EP Bertrand JACQUILLAT

"Technology strategy and international R&D
operations", October 1989.

"Equivalence of simulations: A graph
approach", November 1989.

"Complexity of simulation modela: A graph
theoretic approach", November 1989.

"MARS: A mergers and acquisitions
reasoning system", November 1989.

"On the regulation of procurement bids",
November 1989.

"Market microstructure effects of
government intervention in the foreign
exchange market", December 1989.

"Unavoidable Mechanisms", January 1990.

"Monopolistic Competition, Colts of
Adjustment, and the Behaviour of European
Manufacturing Employment", January 1990.

"Management of Communication in
International Research and Development",
January 1990.

"Tbe Transformation of the European
Financial Services Industry: From
Fragmentation to Integration", January 1990.

"European Equity Markets: Toward 1992
and Beyond", January 1990.



90/06 Gabriel HAWAWINI and "Integration of European Equity Markets:
F1N/EP Eric RAJENDRA Implications of Structural Change for Key

Market Participants to and Ileyond 1992",
January 1990.

90/17

FIN

Nathalie DIERKENS "Information Asymmetry and F.quity Issues",
Revised January 1990.

90/18 Wilfried VANHONACKER "Managerial Decision Rules and the
90/07 Gabriel HAWAWINI "Stock Market Anomalies and the Pricing of MKT Estimation of Dynamic Sales Response
FIN/EP Equity on the Tokyo Stock Exchange",

January 1990.

Models", Revised January 1990.

90/19 Beth JONES and "The Effect of Computer Intervention and
90/08

TM/EP

Tawfik JELASSI and

B. SINCLAIR-DESGAGNÉ

"Modelling with MCDSS: What about
Mirs?", January 1990.

TM Tawfik JELASSI Task Structure on Bargaining Outrome",

February 1990.

90/09 Albedo GIOVANNINI "Capital Controls and International Trade 90/20 Tawfik JELASSI, "An Introduction to Group Decision and
EP/FIN and Jae WON PARK Finance", January 1990. TM Gregory KERSTEN and Negotiation Support", February 1990.

Stanley ZIONTS

90/10 Joyce BRYER and "The Impact of 1.4ulguage Theories on DSS
TM Tawfik JELASSI Dialog", January 1990. 90/21 Roy SMITH and "Reconfiguration of the Global Securities

FIN Ingo WALTER Industry in the 1990's", February 1990.

90/11 Enver YUCESAN "An Overview of Frequency Domain
TM Methodology for Simulation Seasitivity 90/22 Ingo WALTER "European Financial Integration and Its

Analysis", January 1990. FIN Implications for the United States", February

1990.

90/12 Michael BURDA "Structural Change, Unetnployment Benefits
EP and Iligh Unemployment: A U.S.-European 90/23 Damien NEVEN "EEC Integration towards 1992: Some

Comparison", January 1990. EP/SM Distributional Aspects", Revised December

1989

90/13 Soumitra DUTTA and "Approximate Reasoning about Temporal
TM Shashi SHEKHAR Contraints in Real Time Planning and 90/24 Lars Tyge NIELSEN "Positive Pricea in CAPM", January 1990.

Search", January 1990. FIN/EP

90/14

TM

Albert ANGEHRN and

Hans-Jakob LIDTH1

"Visual Interactive Modelling and Intelligent
DSS: Putting Theory Int° Practice", January

90/25
FIN/EP

Lars Tyge NIELSEN "Existence of Eqtulibrium in CAPM",
January 1990.

1990.

90/26 Charles KADUSHIN and "Why nehvoricing Fans: Double Binds and
90/15

TM

Arnoud DE MEYER,

Dirk DESCHOOLMEESTER,

Rudy MOENAERT and

"The Internai Technological Renewal of a
Bueiness Unit with a Mature Technology",
January 1990.

OB/BP Michael BRIMM the Limitations of Shadow Networks",
Febniary 1990.

Jan BARBE 90/27 Abbas FOROUGHI and "NSS Solutions to Major Negotiation
TM Tawfik JELASSI Stumbling Blocks", February 1990.

90/16 Richard LEVICH and "Tax-Driven Regulatory Drag: European
FIN Ingo WALTER Fmancial Centers in the 1990's", January 90/28 Arnoud DE MEYER "The Manufacturing Contribution to

1990. TM Innovation", February 1990.



90/40 Manfred KETS DE VRIES "Leaders on the Couch: The case of Roberto
90/29 Nathalie DIERKENS "A Discussion of Correct Measures of OB Calvi", April 1990.
FIN/AC Information Asymmetry", January 1990.

90/30 Lars Tyge NIELSEN "The Expected Utility of Portfolios of
90/41
F'IN/EP

Gabriel HAWAWINI,
ltzhak SWARY and

"Capital Market Reaction to the
Announcement of Interstate Banking

FIN/EP Assets", March 1990. lk HWAN JANG Legislation", March 1990.

90/31 David GAUTSCHI and "What Determines U.S. Retira Margins?", 90/42 Joel STECKEL and "Cross-Validating Regression Models in
MKT/EP Roger BETANCOURT February 1990. MKT Wilfried VANHONACKER Marketing Research", (Revised April 1990).

90/32 Srinivasan BALAK- "Information Asymmetry, Adverse Selection 90/43 Robert KORAJCZYK and "Equity Risk Premia and the Pricing of
SM RISHNAN and

Mitchell KOZA
and Joint-Ventures: Theory and Evidence",
Revised, January 1990.

FIN Claude VIALLET Foreign Exchange Risk", May 1990.

90/33 Caren SIEHL, "The Role of Rites of Integration in Service 90/44 Gilles AMADO, "Organisational Change and Cultural
OR David BOWEN and Delivery", March 1990. OB Claude FAUCHEUX and Realities: Franco-American Contrasta", April

Christine PEARSON André LAURENT 1990.

90/45 Soumitra DUTEA and "Integrating Case Based and Rule Based
90/34
FIN/EP

Jean DERMINE "Ille Gains from European Banking
Integration, a Cali for a Pro-Active

TM Piero BONISSONE Reasoning: The Possibilistic Connection",
May 1990.

Competition Policy", April 1990.
90/46 Spyros MAKRIDAKIS "Exponentiel Smoothing: The Effect of

90/35 Jae Won PARK "Changing Uncertainty and the Time- TM and Michèle HIBON Initial Values and Loss Fonctions ou Post-
El' Varying Risk Premia in the Tenu Structure

of Nominal Interest Rates", December 1988,
Revised March 1990. 90/47 Lydia PRICE and

Sample Forecasting Accuracy".

"Improper Sampang in Naturel
MKT Wilfried VANHONACKER Experiments: Limitations on the Use of

90/36 Arnoud DE MEYER "An Eanpirical Investigation of Meta-Analysis Rucha in Bayesian
TM Manufacturing Strategies in European Updating", Revised May 1990.

Industry", April 1990.
90/48 Jae WON PARK "Mn Information in the Term Structure of

90/37
TM/OB/SM

William CATS-BARIL "Exécutive Information Systems: Developing
an Approach to Open the Possibles", April

EP laieront Rates: Out-of-Sample Forecasting
Performance", June 1990.

1990.
90/49 Soumitra DUTTA "Approximate Remain by Amdogy to

90/38 Wilfried VANHONACKER "Managerial Decision Behaviour and the TM Anssver NnU Queries", June 1990.
MKT Estimation of Dynamic Sales Response

Modela", (Revised February 1990). 90/50 Daniel COHEN and "Price and Trade Effects of Exchange Rates
EP Charles WYPLOSZ Fluctuations and the Design of Policy

90/39
TM

Louis LE BLANC and
Tawfik JELASSI

"An Evaluation and Selection Methodology
for Expert System Shells", May 1990.

Coordination", April 1990.



90/51 Michael BURDA and "Cross Labour Market Flows in Europe: 90/63 Sumantra GHOSHAL and "Organising Competitor Analysis Systems",
EP Charles WYPLOSZ Some Stylized Facts", June 1990. SM Eleanor WESTNEY August 1990

90/52 Lars Tyge NIELSEN "The Utility of faillite Menus", June 1990. 90/64 Sumantra GHOSHAL "Internai Differentiation and Corporate
FIN SM Performance: Case of the Multinational

Corporation", August 1990
90/53 Michael Burda "The Consequences of German Economic

EP and Monetary Union", lune 1990. 90/65 Charles WYPLOSZ "A Note on the Real Exchange Rate Effect of
EP German Unification", August 1990

90/54 Damien NEVEN and "European Financial Regulation: A

EP Colin MEYER Framework for Policy Analysis", (Revised 90/66 Soumitra DUTTA and "Computer Support for Strategic and Tactical
May 1990). TM/SE/FIN Piero BONISSONE Planning in Mergers and Acquisitions",

Septemher 1990
90/55 Michael BURDA and "Intertempond Prices and the US Trade

EP

90/56

Stefan GERLACH

Damien NEVEN and

Balance", (Revised July 1990).

"The Structure and Determinants of East-West

90/67

TM/SE/FIN

Soumitra DUTTA and

Piero BONISSONE

"Integrating Prior Cases and Expert Knowledge In

a Mergers and Acquisitions Reasoning System",

September 1990
EP Lars-Hendrik RÔLLER Trade: A Preliminary Analysis of the

Manufacturing Sector", July 1990 90/68 Soumitra DUTTA "A Framework and Methodology for Enhancing the

TM/SE Business Impact of Artificiel Intelligence
90/57 Lars Tyge NIELSEN Common Knowledge of a Multivariate Aggregate Applications", September 1990
FIN/EP/ Statistic", July 1990

TM 90/69 Soumitra DUTTA "A Model for Temporal Reasoning in Medical

TM Expert Systems", September 1990
90/58 Lars Tyge NIELSEN "Common Knowledge of Price and Expected Cost

FIN/EP/TM in an Oligopolistic Market", August 1990 90/70

TM

Albert ANGEHRN "'Triple C': A Visual Interactive MCDSS",

September 1990

90/59 Jean DERMINE and "Economies of Scale and

FIN Lars-Hendrik RÔLLER Scope in the French Mutuel Funds (SICAV) 90/71 Philip PARKER and "Competitive Effects in Diffusion Modela: An

Industry", August 1990 MKT Hubert GATIGNON Empirical Analysis", September 1990

90/60 Peri IZ and "An Interactive Group Decision Aid for 90/72 Enver YÛCESAN "Analysis of Markov Chains Usine Simulation
TM Tawfik JELASSI Multiobjective Problems: An Empirical TM Graph Modela", October 1990

Assessment", September 1990

90/61 Pankaj CHANDRA and "Modela for the Evlauation of Manufacturing

90/73

TM

Amoud DE MEYER and

Kasra FERDOWS

"Removing die Barriers in Manufacturing",

October 1990
TM Mihkel TOMBAK August 1990

90/62 Damien NEVEN and "Public Policy Towards TV Broadcasting in the 90/74 Sumantra GHOSHAL and "Requisite Complexity: Organising Headquarters-
EP Menno VAN DIJK Netherlands", August 1990 SM Nitin NOHRIA Subsidiary Relations in MNCs", October 1990



90/75
MKT

Roger BETANCOURT and
David GAUTSCHI

"The Outputs of Mail Activides: Concepts,
Measterement and Evidence". October 1990

90/87
FIN/EP

Lars Tyge NIELSEN *Exigence of Equilibrium iu CAPM: EwIber
Reudts", December 1990

90/76 Wilfried VANHONACKER •Maaageriel D'idem Bekaviour and tbe Estimation 90/88 Susan C. SCHNEIDER and "Cognition in Organisational Ar/rayais: Who%
MKT of Dynanic Salles Response Modets",

Reviaed October 1990
01I/MKT Reinhard ANGELMAR Miladies the Store?* Revised, December 1990

90/89 Manfred F.R. Kers DE VRIES "The CEO Who Couldn't Tilt Sentie ami Other
90/77 Wilfried VANHONACKER 'Ternies the Koyck Sante of Sales Response ta OB Tala from the Board Roma; December 1990
MKT Advertiling: An Annegatioe-Independent

Antocorrelation Tut', October 1990 90/90 Philip PARKER "Price Elasticity Dynamita over du Adoption
MKT Lifecycle: An lEmpirical Study, • December 1990

90/78 Michael BORDA and °Embrume Rate Dynasties and Cionency
EP Stefan GERLACH Unifacatioe: The Ostmark - DM Rates,

October 1990

90/79 And GABA •Inférences with an Unknown Noise Levai in •
TM Bernoulli Prame, October 1990

90/80 And GABA and 'Usine Surrey Data in Inferencts about Percluse
1M Robert 'MIMER Behaviour°, October 1990 1991

90/81 Tawfik 1ELASS1 •Du Prisent an heur: Bilan et Orientations des
TM S'imbues Interactifs d'Aide à la Décision;

October 1990
91/01
TM/SIN

Luk VAN WASSENHOVE,
Leonard FORTUIN and
Paul VAN BEEK

*Operatimed Research Can Do More for Managers
Thon Thiry nide
lanuary 1991

90/82 Charles WYPLOSZ •Monetary Union and Fiscal Policy
EP November 1990 91/02

na/es
Luk VAN WASSENHOVE,
Leonard FORTUIN and

'Operational Research and Environnent;
/arum 1991

90/83 Nathalie DIERKENS and "Information Asyntusetry and Corporate Paul VAN BEEK
FIN/TM Bernard SINCLAIR-DESGAGNE Communicatioe: Rendis of • Pilot Study',

November 1990 91/03 Pekka HIETALA and "An	 Dividend Inerme in 14)Itts Issues:
FIN Timo LÔYITYNIEMI Mamie and Evidence,' lanuary 1991

90/84 Philip M. PARKER 'The Effort of Adversising ou Price and Qtudity:
MKT The Oplonutrie Industry Revisitert• 91/04 Lam Tyge NIELSEN •Twe-Dnid Separatioe, Dater Structure and

December 1990 FI N Rolimeness; Lowry 1991

90/85 Avijit GHOSH and •Optimal Timing and Location in Com petitive 91/05 Sumn SCHNEIDER "Ma. 	 Bowethuies in Organisations;
MKT Vika. TIBREWALA Markets; November 1990 OB January 1991

90/86 Olivier CADOT and 'Prudence and Suceras in Politica,' November 1990 91/06 Manfred KETS DE VRIES, •Usiderstanding the Leader-Strategy Interface:
EP/TM Bernard SINCLAIR-DESGAGNE OB Danny MILLER and Meudon of dm Sentier Retationship Interview

Alain NOEL Methed; boum 1990 (119/11, reviaed April 1990)



91/07 Olivier CADOT "Leuding to Insolvent Countries: A Paradoxical
EP Story," January 1991 91/19

MKT
Vikas TIBREWALA and 	 "An Aggregate Test of Purchase Regtdarity",
Bruce BUCHANAN	 March 1991

91/08 Charles WYPLOSZ "Post-Refonn East mal West: Capital
EP Accumulation and the Labour Mobility 91/20 Darius SABAVALA and	 "Monitoring Short-Rua Changes in Purchasing

Coustraint," January 1991 MKT Vikas T1BREWALA	 Behaviour", March 1991

91/09 Spyros MAKRIDAKIS "What can we Learn from Fadure?", February 1991 91/21 Sumantra GHOSHAL,	 "Inters:nit Communication within MNCs: The
TM SM Harry KORINE and	 Influence of Format Structure Versus Integrative

Gabriel SZULANSKI 	 Processes", April 1991
91/10 Luc Van WASSENHOVE and "Integrating Scheduling with Batching and
TM C. N. POTTS Lot-Sizing: A Review of Algorithms and 91/22 David GOOD,	 "EC lutegration and the Structure of the Franco-

Complexity", February 1991 EP Lars-Hendrik RÔLLER and 	 Amerkan Airline Industries: Implications for
Robin SICKLES	 Efficiency and Welfare", April 1991

91/11 Luc VAN WASSENHOVE et al. "Multi-Item Lotsizing in Capacitated Maki-Stage
TM Serial Systems", February 1991 91/23 Spyros MAKRIDAKIS and	 "Exponential Smoothiug: The Effect of Initial

TM Michèle HIBON	 Values and Loss %actions on Poat-Sample
91/12 Albert ANGEHRN "Interpretative Computer Intelligence: A Link Forecasting Accuracy", April 1991 (Revision of

TM between Usera, Modela and Methods in DSS",
February 1991

90/46)

91/24 Louis LE BLANC ami	 "An Empiikal Assessment of Choice Modela for
91/13
EP

Michael BURDA "Labov and Product Markets in Czechoslovakia and
the Ex-GDR: A Twin Study", February 1991

TM Tawfik JELASSI	 Software Evaluation and Selection", May 1991

91/25 Luk N. VAN WASSENHOVE and "Trade-Offa? What Trade-Offs?" April 1991

91/14 Roger BETANCOURT and "The Output of Retail Activities: French SM/TM Charles I. CORBEIT

MKT David GAUTSCHI Evidence", February 1991

91/26 Luk N. VAN WASSENHOVE and "Sigle Machine Scheduling to Minimise Total Late
91/15

OB
Manfred F.R. KETS DE VRIES "Exploding the Myth about Rational Organisations

and Executives", March 1991
TM C.N. POTTS	 Work", April 1991

91/27 Nathalie DIERKENS	 "A Discussion of Correct Masures of Information
91/16 Arnoud DE MEYER and "Factories of the Future: Execntive Summary of FIN Asysnmetry: The Example of Myers and Mafturs
TM Kaera FERDOWS et.al. the 1990 International Manufacturing Futures

Survey", March 1991

Modal or the Importance of the Asset Structure of
the rune, May 1991

91/17 Dirk CAITRYSSE, "Heuristics for the Discrete Lotsizing and 91/28 Philip M. PARKER	 "A Note on: 'Advertising and the Price and Quality
TM Roelof KUIK,

Marc SALOMON and

Scheduling Problem with Setup Times", March 1991 MKT of Optometrk Services', lune 1991

Luk VAN WASSENHOVE 91/29 Tawfik JELASSI and	 "An Empirical Study of an Interactive, Session-
TM Abbas FOROUGHI	 Oriented Computerised Negotiation Support System

91/18 C.N. POTTS and "Approximation Algorithms for Scheduling a Single (NSS)", lune 1991

TM Luk VAN WASSENHOVE Machine to Minimize Total Late Work",
March 1991



9l/30 Wilfried R. VANHONACKER and	 "Ming Meta-Analysia Retults in Bayesian Updating:
MKT Lydie J. PRICE	 The Empty Cell Problem", lune 1991 91/43 Sumantra GHOSHAL and "Building Transnational Capabilities: The

SM Christopher BARTLETT Management Challenge", September 1991
91/31 Recul KABIR and "Insider Trading Restrictions and the Stock

FIN Theo VERMAELEN Market", lune 1991 91/44 Sumantra GHOSHAL and "Distributed Innovation in the 'Differentiated

SM Nitin NOHRIA Network' Multinational", September 1991

91/32 Susan C. SCHNEIDER "Orgaimatioud Sensemaking: 1992", lune 1991

OB 91/45 Philip M. PARKER "The Effets of Advertising on Prive and Quality:
MKT An Empirical Study of Eye Examistations, Sweet

91/33 Michael C. BURDA and "Germas Trade Unions after Unifteation - Third Lemons and Self-Deceivers", September 1991

EP Michael FUNKE Degree Wage Discriminating Monopoliste?",

lune 1991 91/46 Philip M. PARKER *Pricing Strategies in Markets with Dynamic
MKT Elasticities", October 1991

91/34 Jean DERMINE "lite BIS Proposai for the Measurement of Interest

FIN Rate Risk, Some Pilles", lune 1991 91/47 Philip M. PARKER "A Study of Prive Iffasticity Dynamics Using

MKT Parsimeedous Replacement/Multiple Pnrchase

91/35

FIN

Jean DERMINE "The Regnlation of Financial Services in the EC,

Centralisation or National Autonomy?" lune 1991

Diffusion Modela", October 1991

91/48 H. Landis GABEL and *Managerial Incentives and Environmental

91/36 Albert ANGEHRN *Supporting Multicriteria Decision Making: New EP/TM Bernard SINCLAIR-DESGAGNE Compliance", October 1991

TM Perspectives and New Systems", August 1991

91/49 Bernard SINCLAM-DESGAGNE "The tint-Order Appeler* to Multi-Tank
91/37 Ingo WALTER and "The Introduction of Universel Baddng in Canada: 1114 Prim:Md-Agent Probiemse, October 1991

EP Hugh THOMAS An Event Study", Auguat 1991

91/50 Lek VAN WASSENHOVE and "How Grena la Your Monefacturin. g Strategy?"
91/38 Ingo WALTER and "National and Global Competitiveaess of New York SM/TM Charles CORBETT October 1991

EP Anthony SAUNDERS City Mil Fluancial Center", Aura« 1991

91/51 Philip M. PARKER "amine Amati Diffusion Modela: Some
91/39

EP

Ingo WALTER and

Anthony SAUNDERS

*Reconliguration of Banking nad Capital Markets

in Eastern Europe", Auguat 1991

MKT Empirieal Gniddines", October 1991

91/52 Michael BURDA and "Hamac Capital, !reniement and Migration in an
91/40

TM

Luk VAN WASSENHOVE,

Dirk CATTRYSSE and

"A Set Partitionitts Ileuristic for the Generalised

Assignment Problem", Auguat 1991

EP Charles WYPLOSZ Integrated Europe", October 1991

Mare SALOMON 91/53 Michael BURDA and "Labour Mobility and German Integration: Some
EP Charles WYPLOSZ Vignettes", October 1991

91/41
TM

Luk VAN WASSENHOVE,

M.Y. KOVALYOU and

"A Fally Polynomial Approximation Scheme for

Scheduling a Single Machine to Minimise Total 91/54 Albert ANGEHRN "Stbridus Agents: An Akernative Framework for
C.N. POTTS Weighted Late Work", August 1991 TM Computer-Aided Decision Meeting", October 1991

91/42 Rob R. WEITZ and "Solving A Mufti-Criteria Allocation Problem:
TM Tawfik JELASSI A Decision Support System Approach",

August 1991



91/55	 Robin HOGARTH,
EP/SM	 Claude MICHAUD,

"Lougevity of Business Firms: A Four-Stage
Framework for Analysis", November 1991

92/03
OB

Manfred F.R. ICEIS DE VRIES "The Family Firm: An Owner's Manuel",
January 1992

Yves DOZ and
Ludo VAN DER HEYDEN 92/04 Philippe HASPESLAGH and "Making Acquisitions Work", January 1992

SM David JEMISON
91/56	 Bernard SINCLAIR-DESGAGNE
TM/EP

"Aspirations and Economic Development",
November 1991 92/05 Xavier DE GROOTE "Flexibility and Product Diversity in Lot-Sizing

TM Models", January 1992 (revised)
91/57	 Lydie I. PRICE "The Indirect Effects of Negative Information on
MKT Attitude Change", November 1991 92/06 Theo VERMAELEN and "Financial Innovation: Self Tender Offers in the

FIN Kees COOLS U.K.", lanuary 1992
91/58	 Manfred F. R. KETS DE VRIES "Leaders Who Go Crazy", November 1991
OB 92/07 Xavier DE GROOTE "The Flexibility of Production Processes: A

TM General Framework", January 1992 (revised)
91/59	 Paul A. L. EVANS
OB

91/60	 Xavier DE GROOTE

"Management Development as Glue Technology",
November 1991

"Flexibility and Marketing/Manufacturing

92/08
TM

Luk VAN WASSENHOVE,
Leo KROON and
Marc SALOMON

"Exact and Approximation Algorithms for the
Operational Fixed Interval Scheduling Problem",
January 1992

TM Coordination", November 1991 (revised)

91/61	 Arnoud DE MEYER "Product Development in the Textile Machinery
92/09
TM

Luk VAN WASSENHOVE,
Roelof KUIK and

"Statistital Search Methods for Lotsizing
Problems", January 1992

TM Industry", November 1991 Marc SALOMON

91/62	 Philip PARKER and "Specifying Competitive Effects in Diffusion 92/10 Yves DOZ and "Regaining Competitiveness: A Proceas of
MKT	 Hubert GATIGNON Models: An Empirical Analysis", November 1991 SM Heinz THANHEISER Organisational Renewal", January 1992

91/63	 Michael BURDA "Some New Insights on the Interindustry Wage 92/11 Enver YUCESAN and "On the Intractabllity of Yerifying Structural
EP Structure front the German Socioeconomic Panel",

December 1991
TM Sheldon JACOBSON Propertiea of Discrete Event Simulation Modela",

February 1992

91/64	 Jean DERMINE
FIN

"Internationalisation of Financial Markets,
Efficiency and Stability", December 1991

92/12
FIN

Gabriel HAWAWINI "Valuation of Cross-Border Margera and
Acquisitions", Febniary 1992

1992 92/13 Spyros MAKRIDAKIS and "The M2-Competition: A Budget Related
TM Michèle HIBON et.al. Empirical Forecastimg Study", February 1992

92/01	 Wilfried VANHONACKER "CONPRO'DOGIT: A New Brand Choice Model
MKT/EP/TM Incorporating a Consideration Set Formation

Process", January 1992

92/02	 Wilfried VANHONACKER "The Dynamics of the Consideration Set Formation
MKT/EP/TM Process: A Rational Modelling Perspective and

Some Nimierical Renons", January 1992


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	t3.pdf
	Page 1




