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The following questlons are based on the attached article entttled “Applrcatlon of the
multi-stage validation procedure in srmulatmg a queumg system?” by Chou, Liu and
Chang (Journal of Industrial Yéchnology, Vol. 12, No 2, pp.. 26-29 1996) Please
read through this artrcle and answer the following questlons

* r
- . - r g

1. (20%) In Table 2 on Page 27, the authors applied the Chi-square test procedure to
determine the density function of the customers’-interarrival time. Prior to-use this
procedure, one needs to make the null hypothesis. Suppose you have a set of data
and you wouild like to apply the Chi- square test procedure to determing the h
appropnate densrty functron for this set-of data How can you make your null

hypothesrs? s . - e
EE A e - § .

(20%) Suppose you would like to simulate the quéuing’system in a fast-food-
restaurant (e.g. "McDonald’s). Please desctibe the corresponding multi-stage - -
validation progedure, including a possible’ purpose of the simulation, the requrred o
random variables to betested by the Chi-square: procedure (in the first stage), and .

the possible variables that you may-use ta validate the system (in the third stage).

"

(20%) Suppose you would like to simulate the queuing system in an‘intersection
located in the urban area of Touliu (3} 7). Please describe the corresponding
multi- -stage validation’ procedure mcludmg a p0531b1e purpose of'the srmulatron
the required random varlables to be tested By the Chl—square procedure (m the first
stage), and the possrble vanab]es that you may use to valldate the system (in the
third stage) ‘ - JEI -‘. ;

CE T

(20%).In Table 4 on Page 28, the actual value of the variabl€ Ul (i.e. the
utilization of serve 1) is not within its 9,5'%_:'cdnﬁdencé interval. Please give the
possible reasons for this situation. b

LN -

"

(20%) Please, criticize this article based on your own opinions.
I -'
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« structure design. In the world of -

26 '

Apphcatlon of the Multl-Stage Valldatlon
Procedure in Simulating a Queumg System

Dr. Chao-Yu Chou, Dr. Cheng-Hsin Liu, and Dr. Chun-Lang Chang

4 . '

"of the model must be based on it i

;. model Is to be used for descriptive
analysis, the actual historical recod

* produced by the system being modeld
could be used 1o check the accuracy of
predictions. There are a numbe of
statistical techniques for testing the
goodness of it of a model, jie., testing
H:e degree of conformity of a simulazd
~lime series to the observed data Some
of them arc the chi-square goodnessof
fit test (Hines & Montgomery, 199,
Kolmogomv—Smlmov test {Conaver,
1980}, and the Inequality coefficient

tests of a model, large nutnbers of
s - agreements are found with the real: |
world system, then our confidence on
the model increases, Therefore, the . *
validation process should use tesis o
see how well the model developed
predicts the paniculur phenomenon
under study. However, 1o determine
whether a simulation model is an
accurate reprcsemn'tion of the acieal - “~
sysiem being studied, i.c., whether the -
model is valid, is always dsl'ﬁcult Ifa
model is not valid, then any conclu-
sions derived from the model will be of
doubtful value (Law and Keiton, 1991). developed by Theil (Naylor, 1971)
In this paper, the methed of multi- Theil inequality coefficient, denated by
. stage validation procedure (Naylor & ' U, provides an index. which measurey
Finger, 1967; Van Hom, [971) will be the degree to which.a simulation modd
reviewed and a case study of a particu- provides retrospective predictions of
lar queuing system will be given to observcd historical data. The value o
illustrate how to carry out cach step’in U varies between zero and one, U
-~  the multi-stage validntion procedure. , = 0..we have perfect predictions, If U2
MULTI-STAGE VALIDATION 1 we have very bad predictit.
PROCEDURE" A good example of validation
procedure using Theil inequality
The multi-stage validatioq procedute , | cocfficient was presented by Mublud
is a three-stage procedure. The first and Grandstaff (1974). They wsed
stage is to formulate-a sct of postulates ' simulation approach to examine e
of hypotheses from already acquired public policy alternatives in the St
general knowledge of the system to be Louis metropolitan arca, This modtl
modeled, or from the knowledge of concentrated on the operation of the
other similar sysiems that have already area fabor market, and its primay
been modeled. The second stage is to objective was to providé a vehick fr
validate these postulates tmpirically- public policy simulation experiments
using appropriale statistical tests, if . First of all, they examined the regiond
dawa are available. The third stage of cconomy of St. Louis arez, and thes
the validation procedure is to investi- constructed a simulation mode!, The
gate the degree to which the data last stage of the multi-stage validation
generated by the model conform to the pracedure was applied to validsie i
observed data, ’ simulation model; i.c., to testits
The last stige of tha validation; rediabitity. In order to do this, it was
procedure is very important and the proposed to initialize the model wih
final decision concerning the validity’ values in 1960 for its variables, it

INTRODUCTION

Simulation is a powerful and
valuable 100l in the study of complex
systems, ¢.g., transpoftation, manufac-
wring, service, and so forth, The
applications of simulation on transpor-_
talion systems may invelve vehicle
capacity design, planning and schedul-
ing, highway design, traffic control
system design and parking lot and

manufacwring, simulatton can be
applied to study production planning,
plant layout design, invemory control,
assembly line balancing, materials
handling and storage, and quality
control, The popularity of simulation
studies in manufacturing systems is
rapidly increasing, Consequently, a
considerable number of special purpose -
simulation tools are commercially
available for manufacturing systems -
design and analysis. For the studies of
service systems, simulation can be used -
in office system design, cash-flow
analysis, distribution planning, and
manpower planning and scheduling. In -
his book, Khoshnevis (1994) defines
systerns siznulation as the practice of
building models to represent existing
real-world systems, or hypothetical

future systems, and of experimenling
with these models to explain system
behavior, improve system performance,
or design new systems with desirable
performances. According to this
definition, model building plays a very
imponrtant role in. systems simulation. A
model is created for a specific purpose,
and its adequacy or validity should be
evaluaied keeping the purpose in mind,
If, in a series of rational and empirical

£
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len years, and then determnine the extent
to which the historical experience was
reproduced by the model. When'
performing the statistical test, they used
Theil inequality coefficient to indicate”

a perfect fit between predicted.and -~
actual vatues, Table 1 lists ten impor-«
tant variables af the medel and some-
computed statistics, From Tabie [, with
the exception of the “migrants™™ + * *°
veriable, each of Theil inequality i
coefficients is close to zero. In addi-

lion, for the average percent error, none o

of the values departs very greatly from.
zern, excepl again for migration. This

Is probably because migration is the

most volatile component of population .
change for a small-area economy.

Emphasis of this example.has been .
placed on the construction and valida-

tion of the mode] as necessary prece-

dents to the actual s:mulanon experi- -

I'I'lﬂmﬂllﬂﬂ. ™
CASE STUDY OF A QUEUING
SYSTEM  ~ .

In this section, the development of a
simulation mode! for a queuing system,
in a post office will be discussed.,The
syslem operates eight hours per. day;-
after eight hours, no customers are,

dllowed to enter the system butthe -

system continues to operate until all |
customers are served, There are three
servers in this system. Data from a
single day of observing the system in
the main post office at Auburn,
Alabaina have been collected. There” - -+
are ihree queuing lines in the system, ¢
ane for cach server. Arriving customers
select the shortest line and never switch
lines, It has been proposcd that the -
average waiting lime per customer will®
be smaller in the one-line queuing *
system than in the three-line sysiem.
The main objectives of this case study
art 0 validate, this queuing model by
wsing the mulfi-stage validation
procedure, and then to compare the
current three-line queuing system with
the proposed one-line system.”™ °1

In the first stage of the validation
procedure, two important-postulates of
hypotheses need 1o be formulated:'the
probability distributions of “.":.

“

oy

Tabie 1. Validation Statistics and Variables

varlable Theillnequallty -+ ‘averagapereant aetual mean predietad mean
eosfiielant errer
populalion 0.008 1.3 2231.8 2244.9
, blrthe 0.020 ar . . 459 48.9
noi migrants 0.739 3341 - 28 0.5
total 0.016 26 9133 9293
smploymant
axport 0,028 45 2369 246.7
employmant ' . B
business 0.015 28 1298 129.8
employment
household 015 26 485.8 493.9 *
employment .
unempbymenl 0.090 w0s 7 4.4 4.2
fale
wega index | 0.005 o4 . 10184 ~ 1.0118
wage index || 0.005 07 1.1187 1.1104

.

Table 2. Chi-sguare Test Pracedure for Customers' Interarrival Time

Value of AT Probability ExpectedNo. Observed Na, -
<05 0.4092 B1.84 ™
0.5-1.0 0.2418 4836 59
1.0-15 0.1428 28.56 % .
1.5-2.0 0.0844 16,88 18
20-25 0.0496 096 . 7 -
25-3,0 , 00205 590 4
3.0-35 0.0174 248 4 '
3.5-4.0 0.0103 208 1
40-4.5 Q.0080 1.20 0
4.5.50 0.0036 072 ¥
»5.0 0,0052 1.04 0
Total * 1.0000 200.00 200

interarrival time of customers and the
individual service-time for each server.
According 10 observed data from a
single day, the following two hypoth-
eses are made: (1) the interarrival lime
of customers is exponentially distrib-
uted, and (2) the service time-for each
server is normally distributed.

In the.second stage, the chi-square
goodness-of-fif test is'applied to test
the hypotheses made in the first stage.
For the. first hypothesis, i,c., H: the
interarrival ime of customers is
exponentially disiributed using a 5%
significance level, let AT be the

interarmival time of customers, The first

200 customers have been siudied, and
the average jnterarrival time for the 200
customers Is 0.95 minute, The proce-

i dure of chi-square test is shown in

[y oy

" sample chi-square statistic is 8.40 with

-

Tabie 2. From Table 2, combining the
last five groups, the sample chi-square
statistic is 8.28 with five degrees of
freedom, which is less than its critical
value 11,07, Thus, we can not reject the
first hypothesis. For the second
hypothesis, i.e., H: the service time of
the first server is normally dist{ibulu:d
using a 5% significance level, let ST be
the service ime of the first seryer, The
first 80 customers in Line 1 have been
studied, and the mean and variance of
the service time. for the first server are
2.52 minutes and 0.21 (minul.c)’
respectively, The procsdure of chi-
square test for. the second hypothesis is
shown in.Table 3. From Table 3, the

five degrees of freedom. Again, we can
not reject the second hypothesis. We

Joumal of Industral Technology: Spring 1996
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Table 3. The Chi-squara Test Procedure for the persons and the total waiting time of al! concept ¢
Service Time of the First Server ) customers is 1548.508 minutcs; that the s
' - consequently, the average waiting time intended.
Valu:goglaST Pr%b;azb;llty Exps:;t;d No. Obsar;edﬂo. per customer (\YT).is 1548508 / 513 = procedur
<1 B 123, i - ini
1.983-2211 . 0125 10 5 g&!&s N":::::s After cxa‘:rmmng the computer
2211-2.374 0.125 10 " ary repoit, we can obiain model is.
2.974-2.520 0.125 10 15 95% confidence interval for each program,
2.520-2.666 0.125 0 - 12 variable {rom the simulation model by the debug
2686« 2'82-9; 0.125 10 8 . assuming the population of each program.
2.6331.?4 g:g :g ' ;g corresponding, variable is.normally necessary
Total 1.000 80 80 distributed, Table 4 shows the 95% a simutai
’ confidence interval from the simulation * carefully
model and the actual data foreach ' mentation
. variable from a particular single dny. multi-stag
Table 4. Variahles with the Simulated Confidence Intervals From Tablé’4, for each variable, with not guaral
and Actual Values the exception of the utilization of model, it
server-1 (U1), the actual value is representa
. Variable 95% Contldance Interval Actuai Value located on its corresponding 95% also more
. wT . (2.1383,3.8257) 3.0185 - confidence interval, This reflects that In this
. ;’c’: {:g::gg: ;g:;;} ‘35::':::2 the simulation mode) can predict the in the mu.
ur {0.9213,0.9504) 0.9563 real conditions very well, If we and then |
uz {0.6519,0.9081) 0.8974 recxamine the variable of Ul {ts actual
u3 - (0.7640,0.8343) 0.8283 value is very close to the uppcr bound
of its corresponding 95% confidence
- - inlerval, Acwally, we can point out that
- the actual value of U1 is still smaller
Table 5. Average Waiting Time for Three-line and One-line Queumg than 0.98206 which is the maximum
. Systems. value generaied. by.the simulation
’ - model. Therefore, we will use this
Simulation Run Three-ilna Syatem Qne-lina System model to predict real conditions and 10
; :'gg ‘,:;'3-2’ perform the analysis of comparison
a - 2.57- a 205 ) between the three-Jine queuing system
-4 : 209 2,00 and the proposed one-line system,
5 1.56. N 1.69 ) i
8 . ' as . 534 Camparison of Two Queuing
7 1.2 B 207 ' Systems .
8 Svor Q49 1.85 To compare the eurrent three-line
g 187 227
10 263 . 538 gueuing system wnh the pmposcd one-
v " - line system, we focus the interest on
——— the average wamng time per customer,
Yo . The result is displayed in Table 5. After
can use the same procedurs to test the . = variables are (1) average waiting time - performing a statistica) test (two-
service times of the second and third - per custorner,'dénoted by WT, (2) total sample 1 test) with the hypothesis H,:
servers by changing the data. After > - lme period per day, TP, (3) aumber of the average wailing limes per cuslcmer
conducting these tests; we conclude  ~ customers in the system per day, NC, .  for I-line and 3-line 'systems are equal,
that the service times for all servers are (4) the utilization of server'l, U4, (5): we can't say that the proposed one-line
normally distributed. - the utilization of server 2, U2, and (6) queuing system is better than the ,
In the third stage, once the hypoth£ the utilization of server 3, U3, Other cumrent three-line system,
eses have been veri!icd. the sin'fu‘lau'bn' variables may also be considered if CONCLUSIONS }
model can be established by writing a appmpnau: ¢.g.! the average waiting .
computer program. [n this case study, time of customers in line 1, and so . It is hard to escape She “’f'd“s"’"
we use SIMAN to write the simulation forth. From the observed data, the  ~ that the purpose of a simulation
program. Tg Lest the degree to which actual values of each variable can be | experiment s to predict some aspecty
the data generated by this model calculated, For example, the number of of reality. Computer simulation modeis
conform 10 the observed data, six : customers in the system {NC) is 513 . 4re becoming mcr::asmsly popular
variables have been selecied: . These
Joumal of Industrial Technology: Spring 1996
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these days as a tool for analyzing the
behavior of complex systems, In the
concept of validation, one is checking
that the simulation modet is working as
intended. The multi-stage validation
procedure Is particularly useful in
computer simulation models, When a
model is simulated via a computer,
program, validation is very much like
the dsbugging of any computer
program, Therefore, validation is a
neeessary and important procedure for-
a simulation model and should be done
carefslly before the simulation experi-
mentation is performed, Although the
mulii-stage validation procedure will
not guarantes an ahsolutely valid
model, it will make the mode] more
sepresentative of the r-al system and
also more credible,

In this paper, we reviewed each step
in the multi-stage validation procedure
and then presented a case study to

illustrate how 1o apply this validation
procedure to validate the simulation
model of a simple queuing system.,The
purpose of this presented case ‘study is
to develop a “siatistically” valid -
simulation queuing model. However,

" stagistics always has its own con-

straints, e.g., when using a sample
statistic to conduct the hypothesis

'1esting, one may nced 10 assume the

underlying distribution is normal, An
experimenter shoutd keep this point in
mind when he is validating a simula-
tion model. ’ v
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INFLUENCES ON KNOWLEDGE PROCESSES IN ORGANIZATIONAL
‘ LEARNING: THE PSYCHOSOCIAL FILTER

. -

IS Kate M. Avprews!'
‘ «  Brian L. DELAHAYE -

'3 L i

Ca deemlaﬁd University of Technology 5‘

ABSTRACT

This paper reports a segment of broader theory-building: casc stﬁéy research
explaring organizational learning and knowledge processes in a bic-medical con-
sortium, Its'focus is the-iridividual-level (actors that infuence knowledlge processes
associatcd with organizational learning. As we explored how organizational learn-
ingrqccurred, thesunderlying knowledge processes came forward as cotnplex and
idiesyncratic: In an unanticipated finding, micro-processes emerged as highly influ-
ential, with individual perceptions of approachability, credibility and trustworthi-
ness mediating Anowledge fmporting and knowledge sharing activities. We introduce a
model ~ the psychosocial filter — to describe the cluster of nmiicro-processes that were
brought, forward in the study. Firstly, scientsts filtered knowledge importing by
deciding whom they would approach for information and from whom they would
accept input. . The. individual’s confidence to initiate information requests (which
we'termed social confidenee) and the perceived credibility of knowledge supplicrs
both mediated knowledge importing. -Secondly, scientists mediated knowledge
sharing by actively deciding with whom they would share their own knowledge,
Perceived trustworthiness ~ based on perceptions of what colleagues were likely to
do with sensitive information + was the factor. that influenced knowledge-sharing
decisions. Significantly, the- psychosécial filter seemed to constitute a heedful
process with high functionality. Its effect was not to block knowledge circulation,
but instead to ensure that knowledge-sharing decisions were made' in a thoughtfut
and delibetate way. The psychosocial‘filter suggests an initial framework for con-
ceptualizing the role that individual-level processes play in organizational know]-
edge sharing. Building on this, the 'model provides'a platform for more focused
exploration of knowledge processes and social relationships in orgarizational -
learning. | .o ’

e L .

INTRODUCTION' :
. " 1 - LY b
Organizational learning is now accepted as a central, rather than peripheral orga-
nizational variable, with its competitive value widely recognized (Dodgson, 1993;

[
H

L) LY
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Hamel and Prahalad, 1994; Miner and Mezias, 1996; Quinn, 1992). The concept
of organizational learning is seen to have broad analytical value, because of its
emphasis on dyndmic, changing relationships (Dodgson, 1993) and emergent
phenomena (Miner and Mezias, 1996), Whilst learning has long been part of the
texture of organizational life (see March and Simon, 1858), its emergence as a
significant economic variable has been fuelled by factors such as the speed of
technological change, trends towards globalization and growing corporate com-
petitiveness (Easterby-Smith et al., 1998). Furthermore, organizational learning is
seen as a critical complement to managerial theory, because it is through learning
that complexity is managed (Argyris, 1996). These factors combine to propel
learning to the forefront of corporate competitiveness (De Geus, 1988), and have
-contributed to the explosion of research interest in the topic.
Organizational knowledge is a key component of organizational learning (sce
Dodgson, 1993; Hubher, 1981), with organizational learning processes seen as
« spccifically concerned with the growth and changes to knowledge (Duncan and
Weiss, 1979, p. 87). Building on this, Huber (1991) described four knowledge con-
structs — knowledge acquisition, information distribution, information interpretas
tion and organizational memory ~ as intcgrally linked to organizational learning,
More recently, there has been some concentration on factors related to what
Hubcr termed knowledge distribution and acquisition. Specifically; knowledge
contributing (sharing one’s own knowledge) and knowledge adopting (iinporting
knowledge from another sourcc) have been nominated as- core - organizational
“learning processes (Goodman and Darr, 1998, p. 438). Turning.initially to knowl-
edge sharing, decisions. to contributc knowlcdge were seen as related to che com-
plexity of the problem on. which information was sought, and related to this, the
difficulties in articulating information (Goodman and Darr, 1998). Goodman and
Darr also nominated factors that inhibited discretionary knowledge importing,
. . including the time and effort involved, and the willingness to admit the: need for
' help. Whilst Goodman and Darr have identified a range of factors which mediate
knowledgg. exchanges, there has been little attention 10 the specific role psycho-
+ logical and social elements play in influencing knowledge transactions.

Also of interest jo the present study is that Goodman and Darr’s research focused
on discretionary knowledge cxchanges. In contrast; knowledge importing and
sharing are essential features of one contemporary organizational form — the knowl-
cdge-creating company. The central characteristic of knowledge-creating: com-
panies is their dependence on significant. incidences. of ‘problenmt solving using
non-standardized knowledge (Alvesson, 1993). Conscquently, in krowledge-
creating companies knowledge is primarily related to individuals rather than built-
in to organizational routines, work Practices, machines or téchnologics (Alvesson,
1995). Furthermore, the, problem solving and innovation that characterize knowl-
edge-creating companies are unsolvable by any one person, instead requiring con-
tinual insights from a variety of perspectives (Cicourel, 1990). Knowledge-creating
companies depend on collaborative and ongoing learning that involves the inte-
gration of multiple and differentiated forms ofs expertisc (Tenkasi and Boland,
1996}. Clearly, in contrast to the discretionary exchanges elaborated by Goodman
and Darr (1998), knowledge importing and sharing are defining features of knowl-
edge-creating companies. Factors that influcnce knowlcdge importing and sharing
thercfore emerge as of signiﬁc.:ant ntcrest to organizational learning researchers,
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Some recent research has contributed to.understanding the issues affecting

+ the collaborative problem-solving required in knowledge- crcating companics ) I

Specifically, McDonald and Ackerman (1998} studied the sourcing of expertise,

and identified a two-slage process {cxpertisc identification and expertise selection).

From this work, and earlier contributions by. Cicourel (1990), knowledge procésses

in knowledge-crcahng companies emerge as complex and highly differentiated.

However, again there- has been-little emphasis on the micro, psychological and

- social processes that underpin knowledgc importing. and knowlcdge-sharmg
activities. . .

The data analysed and the results reported in this paper were partof a larger
project which conducted qualitative, theory-building research to explore organi-
zational learning in a knowledge- creating company. Quite unexpectedly, individ-
ual-level factors emerged as exerting a strong influence on company knowledge
processes: * These unanticipated results related to’the specific activities of knowl-
edge importing and knowledge sharing. Thus the focus of this paper is the
individual-level - factors that mﬂuence knowledge procasses assoctated with
organizational lcarnmg : !

i v

b [} r A

. o1 . L
- THE STUDY SITE AND DATA - ° °
The study took place at Bio-Medical Consortium,”™ a partnership conducting
research in areas such as growth factors, receptors and signal transduction, and
clinical cytokine factors. The consortium comprised five joint-venture partners

- {medical rcscarch institutes, government scicntific organizations and a cornmercial

partner). Consortium projects allowed scientists to undertake biomedical research

that extended beyond the capability of the partner organizations operating

indcpendently.

At the time that the rcsearch reported in this paper was conducted the consor-

tium drew around 130 scientific staff from the. partner organtzations. Scienlists

« collaborated on specified projects, but remained in the emiploy of their primary

' orgamzatxons each of which opcrat(_d within walking distance of the others. The i

consortium was founded on fluid project tcams and scicntists pypically worked on

one or more consortium projc.cts whilst still retaining separate project responsibil-
ities in their partner organ:z'lllon. s

The data reported here was gathcrcd inl5 1ndw1du11 semi-structured interviews
with scientific staff’ representing the five partner organizations. As part of a
broader organizational icarning study not the subject of this paper, a specific
example of actual organizational learning had previously been identificd. The
focus of the mdmdual intervicws was -to cxplorc how the specific incidence of
organizational lcarning had. occurred, as well as how organizational learning
usually occurred in the consortium, :

Scven senior scientists/ managers, five scicntists and four technicians/assistants
comprised the interview sample. Interview duration ranged from 40 minutes to 90
minutes, with an average length of 70 niinutes. Intervicws were audio recorded,
transcribed verbatim and content analysed. Data analysis and interpretation drew
on the specific interview questions, as well as the unanticipated issues that emerged
from the data itself, . . ,

-
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The results reported in this paper, were, unanuc1palecj in the study’s dcs:gn, but

cmerged quite cleatly from the interview data itself, As sciéntists described their
expcnence ‘of organlzatlonal learning, knowledge circulation (comprising knowl-
edge importing and.knowledge shanng) came forward as mediated- by a series of
processes. We have constructed a tentative, descriptive model to capture our obser-
vations of the mediating processes that arose from the interviews. We propose the
term fhe psychosocial filler to-describe 'the factors which appeared. g, affect: knowl-
edge-importing (knowledge, which the scientist obtained from an external source]
and knowledge-sharing (personal knowledge which a scientist shared with someone
else) decisions. oo
., In dec1phermg and explaining the structure of the psychosocial filter;.the present
analysis was able to ldennfy three areas of commonality in the themes brought
forward by interview participants.. The three clusters have been labelled social
confidence, perceived credz'bi!z'ty and perceived trustworthiness. The first two clusters were
related to importing knowledge, and the third cluster described processes which
influenced the scientists! knowledge sharing, Previcwing the results Lo be discussed,
figure 1 shows the'threec componcnts of the psychosocml filter. The discussion will
now move to the themes extracted [rom the scientists’ discussions that suggested
the psychosocial filter concept. The first area of discussion will be the two clusters
of factors that appeared to influence knowledge importing.

. '
IMPORTING SHARING
KNOWLEDGE , I\VOWLEDGE
b R

Social Confidence

...............................

Perceplions
of Sell

Comfort Zone

¥
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Figure |. The psychosocial filter )
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Factors Mediating Knowledge Importing .
As scientists discussed the kncwledge importing which underpinned organizational
learning,, several themes emerged. Firstly, they described an active: process: they
deliberately mediated the knowledge acquisition process by deciding from whom
they would seek out potentially useful information, and whose information inputs
they were willing to-accept. From. the data, a model represeiting knowledge-
importing processes has bcen derived. As shown in figure 1, knowledge importing
comprised the social confidence of the prospective importer and the perceived
credibility of potential knowledge sources. :

-

Social confidence. Turning to the first factor that appeared to mediate knowledge
importing, the termi social confidence is used in the present research. to describe an
individuals ability to initiate working relationships with others. Social confidence
itsell” scemed to comprise two overlapping constructs: the individual’s personal
comfort zone and the perceived approachability of information sources.

Scientists clearly identified. difficulties in secking out information when this
involved moving outside the. personal contacts with which they felt comfortable
(ie. moving outside their comfort zone). Initiating working relationships was not
necessarily an expected competcney of scientists: people. don’t find it very easy and
the whole practical side of initiating potentially useful contacts was thought to be
difficult.

When you have to go to another institute and talk (o strangers or ask opinions
. from people you {on’t know, you feel a bit out of your comfort zone. (Senior
- Scientist/Manager 3) )
It’s very hard just to ring somiebody up cold and sy look, you knpw, ‘I'm x from
* yand m having a problem with this. Can you help me?” And really they've got
rio obligation to help you, you're somebody thcy don’t know. But it’s a, matter
of having the gumption to just do that cold when you doi’t know these people.
. (Scientist 4) '
Maybe some people don't find it very casy, that whole thing of interacting with
people that you don't know. I wonder sometimes if people do actually find just
the whole practical side of the environinent perhaps a bit harder than most.
(Scientist 2) '

] 1

In summary, the term comfort zone was used to describe the personal ease scien- .
tists felt in-initjating working relationships, .Those comfortable in a broad range of
working relationships would be expected to have access ta wider knowledge sources
than peers who wcre less at easc initiating contact, However,; additional factors
further mediated decisions about which knowledge sources to pursuc, and the
discussion will now move (o other aspects of the filter,

Scientists alsa regarded the perceived approachability of polential information
sources as important in deciding from whom knowledge would be imported. The
personal style and status of the potential information source was seen as a

possible, barricer to establishing linkages. -

»
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If you've met a person you've got,some idea of how approachable they are.
Because not everyone-is approachable. I'm sure-that there are people who think,
‘Oh well, they're good, but I'll go and ask someone else.” (Scientist'l} -

- Sometimes they are intimidated by the specialists in thie field, With a lot of the
' professors and the doctors, you feel a bit intimidated, like ‘I can’v go up to him
ot talk to him and ask him that.’ (Scientist 3}

] [

p-

In contrast, knowing scientists on a personal level was thought to lubricafe the
knowledge-sharing process.

s v

If' you getto know people on a personal level, it’s easier to deal with them on
a business level at a later stage . . . it makes it a lot easner to contact people.
(chhmcmn/ Assistant 3)

s

Of course, these preceding statements also indicate some covariance between per-
ccived approachability and comfort zone, with scientists fe¢ling maore comfortable
with those they regarded as approachable.
In summary of factors miediating knowledge-importing decisions, scientists
- adescribed a range of processes that scemed to “influence their ub:hty to initiate
working relationships ‘with others — which was a necessary step in gaining access
to information. The term social confidence has been used to describe the first
S ' factor, which clustered in two arcas: the individual’s personal comfort zone and
the perccived approachability of the knowledge source. In this study, comfort zone
seemed 1o reflect the individual’s sclf-perception, while approachability was pre-
) « dominantly thcir perception of a second party (sec figure 1). Whilst the two factors
might be expected to co-vary, with feelings of comfort.related o perceptions of
approachabilily, at this carly stage in theory developiment sacial confidence and
perceived approachability have been rctained as separaie variaples, Clearly,
however, the téxturg of this factor is owrrtly uuup(,rsunal and .the mtcnh.avmtr of
social and intellectual processes camne forward quite clearly.
. Scientists also dederibed a sccond factor — the perceived credibility. of the n
knowlt.dge source — as affecting knowledge-importing decisions, and this is dis-
cussed in the next section. . _ .

w

. v 1
‘Credibility of the knoteledye source. “The second psychosocial factor that appeared to
> impact on knowledge importing was the credibility of the information source. In
the complex and dynamic environment that characterized this knowledge-
creating company, differentiating. uscful from irrclevant knowledge was a prob-
Icmatlc progess that, requiredractive engagement. Reflecting this, scientists spoke
of the need, to filter information thagmay turn out to be wrong o7 mu!eadmg. Impor-
tantly, finding the night person was seen as fundamental, bc:(_ausc the qualily of the
information degpended on the quality of the individual. .
Tt'is the quahry that does rcally count. I know for example there are individu-
als here. that you would go towith a problem because you know that: they are
going to give youthe right answer, Whereas another individual may give you
an answer to it, [but] down.the track it’s going (0 be wrong or mlslcadmg or
not as precise as you really looked for. You may not have confidence in it. And

N
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* that io me'is the big difference — the quality of, the individual, and how good
they arc, and how good'thc information is that you get off them. (Scientist 4)

Another issue s, and again thisisa Jjudgement i 1ssue, if "you want to learn a tech-
nique you have to know whé to go to . . . they'll ask somebody who may be very
happy to give them an opinion, but is it the right pgrson to give that opinion?
You have to be able to filter information you get in. If you want to learn
something you have to know where to go. You have to bé able to make
that judgement. And that’s somcthing that is difficult to get. (Senior Scien-
ust/.Manager 4)

1 ] * > T -

Judgmg where to go for information was reporfed to be a difficult, pcrsonal deci-
sion. Others may have. reached different judgements about a knowlcdgc source’s
rcdlblln.y, because i lt s a very per_vorml thing, )
There are certain techniques that I would give little credence to as good ways
of doing science at a technical level. So [ would be less likely to collahdrate

* with those pcople. But other people may say that very same group, offers

a fantastic , opportunity. You know, it’ s a very personal  thing. (Senior

Scxcnust/ Manngcr 4) ,

What §ccmcd tb come forward quite distinctly from these descriptions was that
the credibility of knowledge was very much ticd up with thé credibility of the
‘knower’, .

In summary of the factors that mediated knowledge- mlpomng decisions, receiv-
ing informiation inputs was an active process. Knowledge scekers deliberated about
whom they should approach, a deeision which seemed to rely on thé two psy-
chosocial constructs of social confidence and credibility ol the source. Because e
two processes appearcd to mediate knowledge iinporting, thur impact.on the orga-
nizational learning process needs to be understood.

To dale, the discussion has focusid on micro -processes associated with import-
ing knowlt.dge. The focus now moves to the second clement of the psychosocial
filter, that of knowledge sharing.

Factors Mediating Knowledge S!mnng

In the'previous scclion micro-processes mediating knowledge | importing were dis-
cussedd, and the interleaving of “social and intellectual factors came forward with
some clarity. ' ' )

Knowledge sharing was also a complex process, with knowledge holders aclively
making,decisions about. what Lnowlcdge they would share with whom, when. In
fact; in ghc intenscly Compelitivé environment that characterized” the rcsearch :
selting, Lnow,ledgc was a valuable commodity that should not be shared casually.
Whils( scicntists worked collaboratively in muln—dxscxphmry, mulu—partner teams
they clearly rccogmzed that individual reputation, status, career prospects, research
grants and income, ‘were depcndent on which 1dcas were altributed to them.
Reﬂectmg these factors, scientists spoke of the enormous personal impact of
sharmg knowledge unw1sely they could be swallowed up, cut out of the chain, and
risked losing credit, visibility, first author,ih:p, and a place on the patent. Thclcfore
where does the glory go? was.an important consideration.

’
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You gct swallowed up so you may not get credit for the idea that'you produced.
So that’s always ‘the wdrry. (Semor Scnentlst/ Manager 4)

‘Am [ going to lose, my visibility in this' project? Am I going to lose ,my first
authorship?’ - very important. (Semcr Sc1enust/Man.\ger 1)

a

" I think people are.still very scared of gwmg their things away where thcy Il get
cut out of the chain if’ something is, patentcd Where daes the glory go? .
(Téchnician/Assistant 2)'

a
- .

Because knowledge was seen as comnercially valuable, and its ownership could
. be contested, knowledge sharing was not an automatic process. Instead, decisions
on knowledge sharing nceded to be made w15cly In the context of the rewards
system in the present knowledge- crcatlng company, being cautious about knowl-
: edge sharing was recognized by intervicwees as commercially prudent: a Aealthy
selfishness.

3

It’s a héalthy selfishness in some ways, and they have to kccp their cyes open.
(I‘cchmcmn/ Assistant 2)

There is a lot of money riding on these things. So confidentiality obviously is a

critical thing ... I mean so often-our patents are being written and .there is
- money hanging on it so you've got to be careful about what you say to whum

_ (Sciéntist 4)

Sometimes it’s better to look afler your own narrowcr mtcrcsl {Senior
SClcntlsL/M.m.lgcr 2)

v

S

Thus what knowledge to share with whom, and when, arose¢ as recurring
y and complex decisions, As the next section demonstrates, the pérecived trustwor-

thiness of Lolicngucs was the important factor in making knowledge-sharing
‘ decisions,

N

Percejved trustworthiness. Ta the previous section, personal knowledge ‘emerged as a
valuable commodity that should not be shared casually When facud wilh decisions
about what knowledge to share with whom, scicntists made Judgcmcnts about the
, trustworthiness of their peers. The role of trust was scen as central: without trust,

I "regardless of any formal knowledge-sharing rc.quuemcms in plfcc scientists would
not share knowledge,"

1 you haven’t got trust and confidence then it doesn’t matter what else you've
put in plaqc or what other structures you put'in place to try and encourage co-
operation, it’s not going to happen. (Senior Sc1¢nt15t/lManagcr 1)

When scientjsts spokc about trust, thcy ‘clearly described it as an issue that centred
_on the ownership of ideas. It was 1mp0rtant for. scientists 1o be able to ttust others
not to radiate off similar projects, or reproduce work, Dcﬁmng trust in these terms was
certainly congruent with the,context in which the scientists operated, mirroring
the commercial value of pcrsonal knowledgé that was discussed earlier,
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CONGLUSION -
Our research sclected a knowledge-creating company as a rich setting: for the inves-
tigation of organizational learning and its associated knowledge processes. Knowl-
. edge-creating compan'ies can be seen as pioneers, given their everyday emphasis
* ' on knowledge creation and: learning. This paper reported findings from our
broader qualitative, theory-building research in a bio-medical consortium.

Quite unexpectedly, the knowledge processes underpinning organizational
learning emerged as. complex and idiosyncratic, with micio-processes emerging as
influential. Specifically, processes associated with knowledge circulation (compris-
ing knowledge imporling and knowledge sharing) werc actively and personally
mediated. We have introduced the term ‘the -psychosocial filier’ (o describe the

+ cluster ol micro-processes, that came [orward as mediating knowledge-importing

and knowledge-sharing decisions, L .

Focusing initially on knowlédge importing; individuals intuitively adopicd filter-
ing strategics as they made personal assessments about which scientists they would
approach, and the credibilily ol potential supplicrs of kndwledge. Secondly, wrning
to knowledge sharing; scientists did not shar¢ their own knowledge unrcfectively.
Perceived trustworthiness — which was based distinctly on perceptions of what col-
leagues were likely Lo do with commercially sensitive information ~ emerged quite
clearly as the psychosocial (actor which determined with whom scientists were
willing to share their own knowledge. The psychosocial filter can be imagined rather

like a bubble around cach individual, invisible but nevertheless influencing knowl-
cdge processes on the basis of ‘whom the scientist was comfortable approaching;
whom they rcgarded as credible, and whom they were willing to trust.

Significantly, the psychosocial filter seemed Lo constitute a heedful process with
high functionality in the company under study. Its effect was not, 1o block knowl-
edge sharing, but-instcad to ensure that knowledge-sharing decisions were made
in a thoughtlul and deliberate way. We ¢oncur with Cigourel’s (1990) proposition
that thesé attributions of an inhterpersonal and professional nature, and judgements
about others’ competence, are normal rather than undesirable aspects of this type
of work setting,

Finally, the.psychosocial filter that emerged in"this analysis suggests an initial
framework for conceptualizing the role that individual-level processes play in orga-
nizational knowledge sharing. Building on this, the psychosocial filter provides a
platiorm for more focused exploration of knowledge processes and soeial rela-
tionships in organizational learning,
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. Please read the article briefly. And getting its main theme, meaning

of comcepts, and thinking logic as soon as [;oésible.. Then, offer us

-

your bpiﬁii)ns on the basis of this-article only. (6pini6ns from other

materials ' are unnecessary)

1. How does the author construct his theoretic framework from

' li,te:l'hturé review. P(;int out the main inductive lbgic-.-' ’ 25%

i
2, . What tesearch methods are used in this study. ] 25%
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.
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E‘v. Please describe phé meaxﬁhg of all theoretic concepts (variables), and
tell us how these concepts are supported by data r;maly'sis or

o

pheﬁomen'é interpretatiﬁg. " - . 30%

4. What knowledge you can get from this article. 20%
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Extending the Supply Chain

In the past, corporate strategy and value chain. analysis looked primarily inside each
company, searching for ways that a” company's internal operations could provide
competitive advantage. Today the focus is shifting outside corporate walls. Companies
are looking for increased efficiencies in their links with suppliers, partners, and
customers as new sources of competitive advantage. The internet, electronic data
interchange (EDI), transportation and warehouse management sofiware, and other
related technologies are allowing companies to create electronic networks with suppliers
and manufactures where they can management inventory that.you_can't see and don't
own, A study conducted by the Performance Measurement Group found that companies
that integrated their supply chains reported a 16 to 28 percent improvement in delivery
performance, a 26 to 60 percent reduction in inventories, and a 30 o 50 percent'
improvement in fulfillment cycle time, as well as 10 to 16 percent increase in

productivity.

Airbus Industrie, the European aerospace consortium, outsources the production of
parts and the development of components to external supplies. Airbus is building a
standard communication and collaboration platform for its four member companies (DA
Airbus, British Aerospace, ‘Aerospatiale, and the Spanish CASA) and their thousands of
suppliers. The system will be used to support the development of its new 555-seat
jetliner and is expected to reduce both production time and.recurrent costs by 30 percent.
Airbus is using Parametric Technology Corporation's product information automation
system to store all data, including product geometry and parts of the bills of materials.

Office Depot has -prospered by offering a wider range of stationery and office
suppliers at lower cost than small retailers through just-in-time replenishment and tight
inventory control systems. It uses information from a sophisticated demand
 forecasting system and point-of-sale data to replénish its inventory, placing 95 percent
of its purchase orders directly to suppliers through EDI. Vendors who participate in the
company's EDI program are supplied with weekly data about the sales performance of
their products. Using these electronic links to Office Depot, most vendors can
replenish inventory within one to two weeks, and ofien within a few days. Many
suppliers use the EDI system to post advance‘shipment notifications to alert Office
Deport that goods are about to be dispatched.

Instead of leaving the job of transporting goods to individual vendors, Office Depot
hired a third-party freight optimizing service provider to consolidate deliveries and
reduce transport costs. The service provider receives a copy of every purchase order
Office Depot places with vendors and identifies opportunities to group inbound
shipments. together. If, instead of three trucks heading to Office Depot from Omaha,
only one-is required, Office Depot can realize additional savings. According to Bill
Seltzer, Office Depot’s chief information officer and executive vice president,
improvements such as the inventory replenishment system have cut the company’s
distribution costs to I percent of total sales, down from 2 percent five years earlier,
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Safeway, the third-largest supermarket chain in the United Kingdom, is using new
supply chain management systems to speed the process of getting products from
suppliers such as Birds Eye Wall’s to customers, Safeway uses an [BM 4690
point-of-sale system to capture 800,000 consumer transactions daily, which are stored in
a massive data warehouse running on an 1BM ES/9000 mainframe. It developed its own
software for making accurate and timely decisions about inventory replenishment,
promotions, and production. Safeway shares this information about forecasts, inventory,
and available shelf space electronically with its suppliers so that they can track demand
for their products, adjust production, and calculate the size and timing of deliveries
accordingly. Suppliers can also download the information into their enterprise resource
planning (ERP) or production planning systems. The system also provides suppliers
with news flashes about unantlclpated demand and information on key contacts and
contract terms. Suppliers'in turn can use the system to send Safeway information about .
product availability, production capacity, inventory levels, and promotional proposals.

QUESTIONS:

1. Most managers are trained to manage a product line, a division, or an office. But
under the trend toward establishing comprchensive, integrated systems among
business partners (called industrial networks), they need to take a much broader
view on both inside and outside their organizations. Please discuss -the following
questions. (50%)

(1) Describe the business and technology dnvers behind the growth of industrial
networks.

(2) How could industrial networks change organization and industry structure,
management processes, technology platforms, and business capability?

(3) Comment on major challenges industrial networks pose for businesses.

2. As indicated above, there are a number of companies that are quite positive and
aggressive in improving relationships with suppliers and vendors by adopting EDIL
As a management science expert, providing different opinions to decision makers is
highly expected. Can you discuss the disadvantages of adopting EDI in
organizations? An in-depth discussion is strongly recommended. (50%)

e
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Read the paper of Miller’s (1999} in the subsequent pages and \;vrite an essay
associated with the paper judiciougly. Your essay should include
. e vHY ,

1. Summarize the paper with your own words,

2. There are a few canonical fields of finance science mentioned,in Miller’s (1999).
Tell the state of lhe art of at least of one of the field. (Certainly you can plck up
the ones you are familiac with. )

3. Serve as a serious critic and comment on the Miller’s paper.

As a young would-be finance professional, what are the implications of Miller’s
in your career pursuing?

Your score will be counted according to those four parts above. More precisely, each

part is worth 25 points in your essay. Make your own view clear and optimize your

time (You have 100 minutes in this test).
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The History of Finance =~ -

An eyewitness account.

Merto}l H. Miller

MERTON H. MILLER is Robere
I, MeComich distinguished ser-
vice profesor  emeritus at the
Univeniry m‘(‘,hicap,:) {IL OUGITY.
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t five years, the Gernun Finance Association

is not very old as professional societies go,
. but then neither is the ficld of finance self.

Finance in its inodern form really dates only
from the 1950s. In the forty years since then, the field
has come to surpass niany, perhaps.cven most, of the
more traditional fields of economics in terms of the
numbers of students enrolled in finance courses, the
numbers of faculty teaching finance courses, and above
all in the quantity and quality of their'combined schol-
arly output,

The huge body of scholarly research in finance
over the last forty years falls natrally into two wain
streams, And no, I don't miean “asset pricing” and “cor-
potate finance,” but instead a deeper division that cuts
across both., The division I have in mind is the more
fundamental one between what [ will call che bisiniess
school approach to finance and the cronomics deparment
approach. Let mie say inumediately, however, that my
distincrion is purely “notional,” not physical — a dis-
tinction over what the field is really all abour, not
where the offices of the faculty happen to be located.

In the United States, the vast majority of aca-
demics in finance teach in business schools, not eco-
nonics departnients, and always have. At the same
time, in the clite schools at least, a substantial fraction
of the finance faculties have been trained in — that is,
have received their Ph.D.s from — econoniics depart-
ments, Habits of thought acquired in graduate school
have a tendency to sty with you,

LILE JOURMNAL U0 LML ROLIKY MANAGUNMENT 95
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" The characteristic business school appronch
tends to be what we would call in our jarpon “niicro
normative.”" That is, a decision-maker, whether-an indi-
vidual investor or a corporate. manager, is seen as max-
imizing some objectivé function, be it utility, expected
return, or shareholder value, taking the prices of secu-
rities in the market as given. [n a business.school, after
afl, that’s what youe supposed to be doing: teaching
your charges how to make better decisions.

To soineone trained in the classical traditions of
economucs, however, the dictum of the great'Alfred
Marshall stands out: “It is not the business of the
economist to tell the brewer how to make beer” The

* characteristic economics Jepartment approach thus is
not micro, but-macro normative, The models assure a
world of micro optimizers, and deduce from that how
market prices, which the micro optimizers take as
given, actually evolve.: '

Note that ["am differentiating the stream of

research in finance along macro versus micro lines, and

not along the more faniliar normative versus positive |

* line. Both streanis of research in finance are thorough-
ly positivist in outlook in that they try to be, or at least
chim to be, concerned with testable hypotheses. The
normal atticle in finance journals over the last forty
years has two “main sections: the first presenting the
model; and the setond an empirical section showing
that real-wotld data are consistent with the model

= (which is hardly surprising, because had that not been
so, the author would never have submicted the paper in
the first place, and the editors would never*have accépt-
‘éd the ardicle for pubhcauon) *

. The interaction of these two streams, the busi-
ness school streamn and the economics department
strean — the micro normative and the macro norma-
tive — has largely governed the history of the field of
finance to date. I propose to review some of the high-
points of this history, taking full advantage of a handy
organizing principle nacure has given us: to w1t the
Nobel Prizes in Finance,

Ler me emphasize that I will not bc oﬁ'ermg a
. comprehensive survey: of the field — the record is far

"too extensive for that ~ but rather a selective view of’
what [ see as the highlights, an eyewitness"account, as it
were, and always with special emphasis on the tensions
between the business school and the economics depart-

menc streamnis.
After my overview, I offer some very personal
views on where | think the field is-heading, or at least

gg Nk HATORY OF FINANGE

where | would be heading were Ijust entering the
field today. .

MARKOWITZ AND THE
THEORY OF PORTFOLIO SELECTION

The tension. between the micro and macro
approaches was visible from. the. very beginning of
modern finance — from our big bang, as it were —
which I think we can all agree today dates to the year
1952 with the.publication in che fournal of Finance of
Harry: Markowitz’s article, “Portfolio Selection.”
Markowitz in this remarkable paper gave, for the first
tinue, a precise definition of what had hitherto been just
vague buzzwords: risk and return,

Specifically, Markowitz then identified the yield
of return on an investmient with the expected value or
probability-weighted mean value of its possible out-
coines; and its risk with the variance or_squared devia-
tions of those outconies around the mean. This identi-
fication of return and risk with mean and variance, so
instinctive to finance professionals these days, was far
from obvious then. The conunon perception. of risk
even today focuses on the likelihood of losses — on
what the public thinks of as the *downside™ risk — not
just on the wariability of returns.  »

Markowitz’s choice of the. variance as his mea-
sure of risk, counterintuitive as it may, have appeared to
many at the tinte, turns out to have. been inspired. it
not only subsumes the more intuitive view of risk —
becatse in the normal or at least the symmetric distri-
butions we use in practice the downside risk is esscn-
«tially the mirror image of the upside — but it also has
a property even more importanc for-the development of
the field. By identifying return and risk with niean and
variance, Markowitz makes the powerful algebra of
matheinatical statiscics available for the. study of portfo-
Ho selection, - s

The immediate contribution of that algebra is
the famous formula for the variance ofa st of random
variables; thar is, the weighted sum of the variance plus
twice the weighted sum of the covariances. We in
finance have been living on that formula, literally, for
more than forty years now, That formula shows, anmong
other things, that for the individual investor, the rele-
vant unit of analysis must always be the whole portfo-
lio, not the individual share, The risk of an individual
share cannot be defined apart from its relation to the
whole portfolio and,"in particular, its covariances with

MUMMER 1vm
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the other components. Covariatces, and not were,

numbers of securities held, govern the risk-reducing’

benefits of diversification, .

The Markowitz niean-variance mode! is the
perfect exanmple of what L call the business schoal or,
micro normative stream in finance. And this is some-
what ironic, in that the Markowitz paper was original-
ly a thesis in the University of Chicagos economics
department. Markowitz even notes that  Milton
Friedman, in fact, voted against che thesis initially on.
the grounds thac it wasn’t really economics.

And indeed, the mean-variance model, as visu-
alized by Markowitz; really wasn’t economics.
Markowitz saw investors as acsually applying the model
to pick their portfolios using 4 cambination of past data
and personal judgiient to sclegt the needed means,
variances, and covariances. .

tions research. area. Sharpe also muaintains an active
consulting practice adyising pension funds on their
portiolio selection problems, Yet his capital asset pric-
ing model is almost as perfect an cxample as you can
find of an economists’ macro normative model of the
kind I have described. -

Sharpe starts by Jmagining 2 world in which
cvery investor: is a. Markowitz mean~variance portfolio
selectar. And he supposes further-that these investorsall
share the samne expectation as to returns, variances, and
covariances. Buc. if the inpuls to the portfolio selection
are the same, then every investor will hold exactly the
same portfolio of risky assets. And hecause all risky
assets must be held by, somebody, an immediate impli-
cation is that every investor holds che “market porto-
lio,” that is, an aliquot share of every risky security in
the. praportions in which they are outstanding,

. |

For the variances and covariances, at least, past - At first sight, of course, the proposition that
data probably could. provide. at least a reasonable starting  everyone holds the samie portfolio seems too nnrealistic
point. The. precision of such estimates can always: be., *to be worth pursuing, Keep in mind first, however, thar

enhanced by cutting the time interval into smaller and
smaller intervals, But what. of the: means? Simply aver-
aging the returns of the last few years, along the lines of
the examples in the Markowitz paper (and later book}

won' yield reliable estimates of the return cxpected in ,

the future, And running those unreliable estimates of
the means throngh. the compumadonal algorithm can

. lead to weird, corner portfolios- that hardly secm to

offer the presumed benefies of diversification,.as any
finance instructor who-has assigned the portfolio selec~
tion model as a classroom exercise can testify.

. If the Markowitz niean-variance algorithm is
useless for selecdng optimal portfolios, why do I iake its
publicadon, as'the. starting point. of modern finance?

‘Because' the essentially busipess school ‘model of

Markowitz was trapsoried by William Sharpe, John

. Lintner, and Jan Mossin into an ecpnomics deparument

model of enormous reach and power.

WILLIAM SHARPE AND THE .
CAPITAL ASSET PRICING MODEL

That William Sharpe was so in.st—ru'mcnmk in
transforming the Markowitz business school, maodel

into an economics department niodel coptinues the

ironty, Markowitz, it will be recalled, subniitted his the-
sis to an econgnucs department, but Sharpe was always
a business school faculty member, and much of his ear-
lier work had been in che manas;ement science/opera-

SAMLER 1

the proposition applics only to the holdings of risky
assets, It does 1ot assunie that every investor has the
same, degree of risk. aversion, Investors can always
reduce the degree of risk they-bear hy holding riskless
bonds along with the risky stocks in the market porto-
lio; and they can increase their risk by holding negagve
amounts of the riskless asset; that is, by borrowing and
leveraging their holdings of the macker. porttolio.

Sccond, rthe-idea of investing in the market port-
folio is na longer strange. Nature has imitated arr, asit
were. Shortly after Sharpe’s work appeared, the market
created mutual fiinds that sought to hold all the shares
in the market in their outstandmg, proportions. Such
index funds, or, “passive” investent strategies, as they
are often called, are now followed by a large and
iucreasing number of investors, particularly by US.
pension funds.

The realism or.lack of realism of the assumprions
underlying the Sharpe CAPM has never been a subject
of serious debate within the profession, unlike the case
of the Modigliani and Miller propositions to be cansid-
ered later, The profession,-from the ontset, wholchear-
edly adopted the Friedman. positivist view: that what
counts is not.the literal accuracy of the assuniptions, but
the predictions of the model.

Iu the case of Sharpe’s model, these predictions
are striking indeed. The CAPM implies that the disiri-
“bution of expected rates of return across all risky assets
is a linear function of 4 single variable, namely, each
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asset’s sensitivity to or covariance, with the market port-
folio, the famous beta, which Becomes the natural mea- -
suré of a security’s risk. The aim of science is to explain
a lot with a litde, and few models in finance or cco-
nomics do so more dramatically than the CAPM.

The CAPM not only offers new and powerful
theoretical insights into the nature of risk, but also lends
itself admirably to the kind of in-depth empirical inyes-
tigation 5o necessary for the development of a new field
like finance” And ics benefits have not been confined nar-
rowly to the ficld of finance. The great volume of etnpir-
ical research testing the CAPM has led to major innova-
tions in both theoretical and applied econometrics.

Although the single-beta CAPM mnunaged to
withstand more than thirty years of intense economet-
ric investigation, the current consensus within the pro-
fession is thac a single risk factor, although it takes us an
enormous length of the way, is not quite enough for
describing the cross-section of expected returns.
Besides the market factor, two other pervasive risk fac-
tors have by now heen idenrified for common stocks.

One is a size effect; small Arms seem to carn
higher returns than‘large- firms, on average, even after
controlling for beta or market sensitivity. The. other is
a factor, still not- fully undersiood, bur that seems rea-
sonably well’ captured by the ratio of a firm’s account-
ing book value to its market value. Firms with high
book-to-market ratios appear to earn. higher returns
on average over long horizons than those with low
book-to-market ratios after controlling for size and for
the market factor.

That a three-factor model has now been shown
to describe the data somewhat better than the single-
factor CAPM should detract in no way, of course, from
appreciaton of the enormous influence of the original
CAPM on the theory of asset pricing,

THE EFFICIENT MARKETS HYPOTHESIS

The mean-variance model of Markowitz and
the CAPM of Sharpe et al. are contributions whose
great scientific value was recognized by the Nobel
Committee in 1990, A third major contribution to
finance was recognized at the same time, But before
describing it, let me mention a fourth major contribu-
tion that has done much to shape the development of
the field of finance in the last twenty-five years, but that
has so far not received the attention from the Nobel
Committee [ believe it deserves.
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I refer, of course, to the efficient muarkets
hypothesis, which says, in effect; that no simple rule
based on already published and available: information
can generate above-pormal rates of return. On this
score of whether mechanical profit opporunities exist,
the conflict between the business school tradition in
finance and the econoniics department tradition has
been and still remains hntense,

The hope that studying finance might open the
way to successful stock. market speculation served to
support.interest iy the field even before the modern sci-
entific foundations were laid in the 1950s. The fiest sys-
tematic collection of stock market prices, in fact, was
compiled under the auspices of the Alfred Cowles
Foundation in the 1930s,

Cowles had a lifelong enthusiasim for the stock
nurket, dimmed only slightly hy the catastrophic crash
of 1929. The Cowles Foundation, currently an adjunct
of the Yale University cconomics departinent, was the
+source of much fundamental research on econometrics
in the 1940s and '50s.

The Cowles indexes of stock prices have long
since been superseded by much more deailed and com-
puterized daca bases, such as those of the Center for
Research in Security Prices at the University of Chicago.
And to those computer data bases, in turn, goes much of
the credit for stimulating the enipirical research in
finance that has given the feld jts distinctive flavor.

Even before these new computerized data bases
came into widcsgrcad use in the early 1960s, however,
the mechanical approach to above-normal investment
returns was already being seriously challenged. The
chalienge was delivered, curiously enough, not by
tconorpists, bue by statisticians like M,G. Kendall and
niy colleague, Harry Roberts — who argued that stock
prices are essentially random walks. This implies,
among ather things, that the record of past stock prices,
however rich in “*pauterns” it might appear, has no pre-
dicdve power for future, stock retorns.

By the late 1960s, however, the evidence was
accumulating thavstock prices are not random walks by
the strictest definition of that ternt, Sonme elements of
predictability could be dctectcd particularly in long-run
returns. The issue of whether publicly available informa-
tion, Lould be used for successful stock market specula-
tion had to be rephrased —a task in which my colleague,
Eugene Faina, played the leading role —— as whether the
observed departures from randomness in the titne series
of returns on common stocks represent tue profit
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, opportunities after trusaction costs and after appropri-

are comp’bnsau’un for changes iﬁ risk over tirne. With this ~
shift in focus from returns to’ cost- and risk-adjusted |
returts, the cfficient markets debate beconies no longer
a matter of stadstics, but one of economics.

This connection with economics helps explain
why the efficient markets hypothesis of finance remains |
as strong as ever, despite the steady drunibeat of empir-

optinual cutoffi Such a cutoft is seen to depend solely
on the risk {or *'risk. class”) of thg investment, regard-
less of how iris ﬁnanccd hardly a happy posidon for
professors of finance ta.explain to their students being
truined, presumably, in the-art of selecting optimal cap-
ital structures. : .

Faced with the unpleasant action consequences
of the M&M miodel at the 'micro level, the tendency of

ical studies dirccted against it. If you-find some ,many at first was to dismiss the assumptions nnderlying

mechanical rule that secems to earn above-nornul
returns — and with thousands of résearchers spinning
‘through the mountains of wpes of past data, anomalies,
like the currently fashionable “momentum effects,” are
bound to keep turning up — then imitators will enter
and compete away those above-normal returns exactly
as in any other setung in economics. Above-normal
profits, wherever they are found, inevitably carry with
them the seeds of their own decay. -

THE MODIGLIANI-MILLER PROPOSITIONS

" Still other pillars on which the field of finance
rests are the AMudigliani-Miller propositions on  capital
structure, Here, the tensions between the micro nor-
mative and the macro normative approaches were evi-
dent from the outset, as is clear from the very title of
the first" M&M paper, “The Cost of Capital,
Corporation Finance ind the Theory of Investment.”
The theme of that paper, and indeed of the whole field
of corporate finance at the time, is capital budgeting.

. The puicro normative wing was concerned with
ﬁndmg the'**cost of capital,” in the sense of the optimal

" cytoff rate foq investment when the firm can finance

the projecteither with debt 6r equiry or some combi-~
nation of bath, Thé macro normative or economics
wing sought to ecxpress the aggregate demand for
investinent by’ corporations as a function of the cost of
capital that firms are actually using as their optimal-cut-

" offs, rather than just the rate of interest on long-term

government bonds,

The M&M analysis provided answers, but ones
that left both wings of the profession dissatisfied, At the
maéro normative level, the M&M measure of the cost
of capital for aggregate investment functions never real-
ly Laught on, and, indeed; the very notion of estimat-
ing aggregate dcmand functions for investment has long
since been abandoned by macro cconomists, At the
micro lével, the M&M propositions imply that che.
choice of financing instrument is irrelevant for the

MMM {rrs

M&MSY then-novel.arbitrage proof as unrealistic. The

-assumptions underlying the CAPM, of course,

equally or even more implausible, as noted earlier, but
the profession seemed .far more willing to accept
Friedman’s “‘the assumptions don’t matter™ position for
the CAPM than for the M&M propositions.

The likely reason is that the second blade of the
Friedman. positivism slogan — what does count is the
descriptive power of the model itself — was not fo-
lowed up. Tests by the hundreds of the CAPM fll the
literature. But direct calibration tests of the M&M
propositions and their implications do not.

One fundamental difficulty of testing the M&M

propositions shows up in the initial M&M paper il
The capital structure proposition says that if you could
find two firms whose underlying earnings are identicd,
then so would be their inarket values, regardless of how
much of the capital structure takes the form of equity
as opposed to debt.
’ But how do you find two companies whose car-
ings are identical? M&M tried using industry as a way of
holding earnings constant, but this sort of flter is fir 10
crude. Arrempts to exploit: the ‘power of the CAPM for
testing M&M were no 1more successful, How do you
compute a beta for the underlying real assets?

One way to avoid the difficulty of not havigg
two identical firms, of course, is to see what happens
when the same firm changes its capital structure, If 2
firm borrows and uses the proceeds to pay its share-
holders a huge dividend or to buy back shares, does the
value of the firm increase?. Many studies have suggested
that it does. But the interpretation, of sich resulrs faces
a hopeless identification problem.

The firm, after all, never issues a press releass oy
ing “we are just conducting a-purely scientfic investig-
tion of the M&M proposidons.”” The market, which s
iforward-looking, has every reason to belicve that de

capital structure’ decisions arc conveying managenieus
views about changes in thé finu’s pruspetts for the funr.
These confounding “informadon. effects,” present
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every .dividend and capigal structure decision, render
indecisive all tests based on specific corporate actions.

Nor can we hope to refute the M&M proposi-
tions indirectly by calling attention to the multitude
of new securities and of variations on old securities
that are introduced year after year. The M&M propo-
sitions say oply that no gains could be earned trom
such innovations if the market were in fact “com-
plete.” But.the new securities in question may well be
serving to complete the market, carning a first-
mover’s profit to the particular innovation. Only
those in Wall Street know how hard it is these days to
come by those innovator’s profys. L

If all this seems reminiscent of the efficient mar-
kets hypothesis, that is no accident, The M&M propo-
sitions are also ways of saying that there is no frce lunch.
Firms cannot hope to gain by issuing what looks like
low-cost debt rather than high-cost cquity. They just
ke, the cost of higher-cost equity even higher. And if
any substantial number of firms, ac the same time, seek
to replace what they think is their high-cost equity
with low-cost debt {even tax-advantaged debt), then
the interest costs of debt will rise, and the required
yiclds on equity will fall until the perceived incentives
to change capital structures (or dividend policies for
that niater) are elindnated,

The M&M propositions, in short, like the effi-
cient markets hypothesis, are about equilibriien in the
capital markets — what equilibrium looks like, and
what forces are set in motion once it is disturbed.. And
this is why neither the efficient markets hypothesis not
the Medigljani-Miller propositions have ever set well
with those in the profession who see finance as essen-
tially a branch of management science,

OPTIONS ,

Fortunately, however, recent developments in
finance, also recognized by the Nobel Conunittee, sug-
gest that the conflict between the two traditions in
finance, the business school stream and the economics
departmentt stream, may be on the way té reconciliation.

This development, of course, is the field of
options, whose pioneers, recently honored by the
Nobel Committee, were Robert Mcrton and Myron
Scholes (with the late Fischer Black everywhere
acknowledged as the third pivotal figure). Because the
intellectual achievenient of their work has been com-
memorated over and over ~ and rightly so -— | will
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not seek to review it here, Instead, in keeping with my
theme, [ want to focus on what options mean for the
history of finance,

Options niean, among other things, that.for the
first time in its close to fifty-year history, the field of
finance can be built, or as’l will argue be rebuile, on the
basis of “observable” magnitudes. 1 still remeinber. the
tedsing we financial’ econonusts, Harry Markowitz,
William Sharpe, and [, had to put up with from the
physicists and chenusts in Stockholn when we conced-
ed that the basic unit of our research, the expected rate
of return, was uot dctually observable, 1 tried to parry
by reminding them of their neutrino — a particle with
ne mass whose presence is inferred only as a missing
residual from the interactions of other particles. But
that was eight years ago. In the meantime, the neutrino
has been detected.

To say that option prices arc based on observ-
ables is not strictly true, of course. The option price in

rthe Black-Scholes-Merton formula depends on the
current market value of the underlying share, the strik-
ing price, the time to maturity of the contract, and the
risk-free rate of interest, all of which are observable
either exactly or very closely. But the option price
depends also, and very criticiilly, on the variance of the
distribution of returns on the undetlying share, which
is not directly observable; it must be estimated.

Sull, as Fischer Black: always renunded us, esti-
mating variances is orders of mapnitude easier than esti-
mating the nmieans or expected returns that are cencral
to the models of MarkowitZ, Sharpe, or Modigliani-
Miller. The precision of an estimate of the variance can
be imiproved, as noted 'eidier, by cutting time into
smaller and smaller units — from wecks to days to
hours ta minutes. For nieans, however, the precision of
estimate can be enhanced only by lengthening the sam-
ple period, giving rise to the well-known dilemma that
by the time a high degree of precision in estimating the
mean from past data has been achieved, the mean isclf
has almost surely shifted.

Having a basc in observable quantities — or vir-
tually observable quantities — on which to value secu-
rities might seemn at first sight to have benefited pri-
nuarily the management scieuce stream in Anance. And
indeed, recent years have seen the birth of a new and
rapidly growing specialty area within the profession,
that of financial enginecring (and the recent establish-
ment of a journal with that name is a clear sign tha the
field is here to stay). The Anancial engineers have
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alrcady reduced the original Black-Scholes-Merton
formula to Modecl-T status,

Nor has the micro nornutive field of mrpumrc
finanee been Jeft out. When it comes to capital bud-
geting, long a nujor focus of corporate finance, the
decision impact of what have conte to be called ‘'real”™
options — even simple ones like the right to close
down.a mine when-the output price falls and rgopen it
when it rises =— i5 substantially greater than that of vari-
ations in the cost of capiral,

The optons revolution, if T may call it chat, is”

also transforming the macro normative or econgmics
stream in finance. The hint of things to come in that
_ regard is prefigured in the title of the original Black-
Scholes paper, “The Pricing of Options and Corporate
Liabilities,” The latter phrase was added to the title pre-
cisely to convince the editors of the Journal of Political
Eronomy — about as economics a journal as.you can get
— that the original (rejected) version of the paper was

not just a technical tour de force in. mathematical statis- |

tics, but an advance with wide application for the study
of market prices.

And indeed, the Blacl: Scholes analysas shows,
among other things, how options serve to “complete
the market” for securities by eliminating or at least sub~
stantially weakening the constraints on high leverage
obtainable with ordinary securities. The Black-Scholes
demonstration that the shares in highly leveraged cor-
porations are really call options also serves in effect to
complete the M&M model of the pricing of corporate
equities subject to the prior claims of the debtholders.
We can go even. further: Every security can be thought
of as a package of component Arrow-Debreu state-
price contingent claims (options, for shart), just as
cvery physical object is a package of component atoms
and miolecules. .

RECONSTRUCTION OF E:'INANCE?

T will spcculate' no further about these and other
exciting prospects for the future, Let me,close rather
with a question: What would I advise a young member
of the German Finance Association to specialize in?
What would [ specialize in if [ were stafting over and
cntering the field today?

Well, [ certainly wouldn't go into asset pricing

4

or corporate finance. Research in those subfields hn
already reached the phase of rapidly diminishing
returns. Agency theory, 1 would argue, is best left to the
legal profession, and behavioral finance is best left to the
psychologists. Se, at the risk of sounding a bit like the
character in the maovie “The Graduate,” | reduce my
advice to a si!ngle ‘word: options.

' When it comes to rescarch potental, options
have nuch to offer both the management science/bus-
uess school wing within the profession and the eco-
nomics wing.. In fact, so vast are the research opportu-
nities for both, wings that the field is surely due fors

‘total reconstruction as profound as that following the

original breakthrough by Harry Markowitz in 1952,
The shift toward options as the center of graviy
of finance that I foresee should be particularly welcomed
by the members of the Germian Finance Associstion. |
can remember when research in finance in Germany
was just beginning and tended to consist of replication
of American studies using German data, But when
comes to a relatively new area like options, we all stand
roughly equal at the starting line. And this is s a2 in
which the rigorous and mathematical German acaden-
ic training may even offer'a comparative advantage.
Ic, is no accident, 1 believe, that the Deutsche
Termin Borse {or Eurex, as it has now become after
merging with the Swiss exchange) has taken the high-
tech road to a leading position among the word
futures exchanges only eight years after a great confer-
ence in Frankfurt where Hartmut Schmidt, Fischer
Black, and I sought to persuade the Gernan financid
establishment that allowing futures and options trding

would not threaten the German economy, Hardware

and electronic trading were the key to DTB' succes,
but [ see no reasan why the German scholarly coman-
nity cannot duplicate that success on the mor absma
side of research in finance as well,

Whether it can should be clear by the time of
the twenty-fifth annual inecting, I'm only sotry I woah
be able to see that happy occasion.

ENDNOTE

T

Thisis a ;lightly modified version of an address delivered
at the Fifth Annual Meeling of the Gerun Finance Asoqaten
Haimburg on September 25, 1998,




