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QUEST FOR SUPERIOR ENVIRONMENTAL PERFORMANCE o

with environmental management and performance (Mcinermey and White 1995; Angell and
Klassen 1999),

The goal of this article is to help meet this need by examining whether manufacturing
practices and policies associated with superior overall manufacturing performance in the
automobile industry contribute to improvements in environmental performance. An advan-
tage specific 1o studying the automobile industry is that there is a clearly defined set of
advanced manufacturing practices known collectively as lean production of “just-in-time"
(nr) manufacturing, which enables us to specify and explore the link between manufacturing
practice and environmental performance (Womack, Jones, and Roos 1990; Womack and
Jones 1996). We utilize two unique factory-level duta sets, along with in-depth imerviews o
in the antomobile indusiry. We examine the relationship between different charactenstics of
Jean production and measures of environmental performance relsted to sir emissions and
resource efficiency.

Background

In thas sextion we describe the relationship between lean production and both caviron
mental cfficiency and emissions of volatile organic compounds (vocs) We develop two
hypotheses.

Lean Production and Environmental Efficiency

Environmental efficicncy. Le.. the reduction of enviroamental impact through mose effi-
cient use of manerials and natural resources in manufacturing. is driven in large pan by
process and operational decisions that would il under the category of pollution preveation.
While total quality management (1gu) is 3 sscful lens with which to examine such opera-
tional decisions relating 10 the environment (Willig 1994; Shrivastava 1995a), some have
argued for an encompassing approach 10 examining the role of operations in improving
envirommental performance (Shrivastava 1995b; Klassen and Mclaughlin 1996). One such
approach is to use the clements of lean production 10 undertake a broad cxamination of the
role that management systems. practices, and policies play in cahancing environmental
efficiency, There are multiple ways 10 operationaize the concept of lean production. In this
paper, we will be using MecDuffic’s (1995) methodology. As discussed by MacDuffie
(1995), the success of lean manufacturing stems from a combination of practices, policies,
and philosophies—a combination that can be divided into three primary areas: Buffer
Minimization, Work Systems, and Human Resource Management. Research suggests that all
theee of these factors are important to the continuous improvement of performance at lean
plants (Ichniowski and Shaw 1995; MacDuffic 1995; Pil and MacDuffie 1996).

Lean production is designed to produce small batches of cars. It utilizes a specific set of
factory peactices that facilitate small lot production with minimal buffers and a comresponding
rapid feedback process when there are problems. As such, lean facilities typically have very
small end-of-process rework areas compared to non-lean plants. Workers “pull” materials
and components throughout the prodaction system. Material is delivered “just-in-time,”
minimizing work in process, reducing the likelihood of large batches of faulty materials, and
reducing in-process waste (Cusumano 1985).

In the lean model, work is based on the principles of continuous improvement, or
"Kaizen.™ Warkers are responsible for identifying quality problems found on the production
line and, in contrast to mass production, are able to stop the line for such problems. Floor
workers are arranged in teams, with a team leader performing a coordinating rale in addition
to assembly tasks. To enhance the multi-skifling practices needed in the team format, workers
also undergo training and job rotation. This is particularly important since assembly workers
are given many of the responsibilities thar would be assigned to specialists in mass produc-

argued for an encompassing approach 10 examining the role of operations in improving
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This involvement of employees af al levels of the arganization has been identified as & driver
of improvements in environmental =fficiency (Kombluh and Crowfoot 1989; Lawrence and
Morell 1995; Florida 1996),

Human resource (1w) mﬂcﬁesmuhnmuaﬂwucwwmtolhcomlmol
lean production. In contrast to muss production, worker commitment, skill, and motivation
naﬁuwﬂm“dhumnmmmm
mmmmmmumummwm
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ment for both new and experienced warkers, and efforts 1o reduce status barriers between
mmmwwmlm.mmumfuuuw
dmmmvimumdeﬁ&nyhnbnumk(upedﬂlywﬁhmﬂsw&emhd
training) (Amgon-Carrea 1998), many researchers have argued that careful recruitment and
high levels of training and educatior are critical (Denchant and Altman 1994; Lywrence and
Morell 1995; Starik and Rands 1995).

Mhdﬁﬁmw“nﬂnmmmmh
mmummuwmdmmm.
Weﬂaﬂm&cnhiudﬂphmhﬂhudemd‘h“mm
systems and environmental efficiency, and hypothesize the following:

Hyromuesis 1. Different aspects uf lean manmfacticing— buffer minimization, work sys-
tems, and human resonrce practices—conteibute 1o improved resource efficiency.

Lean Production and VOC Emissiors

Mmﬁmﬂeﬂdﬂyhm:m“mdwm
mMnmmmuMMMMﬂnmﬂ
IMLF«W«&M!&WWM[MMMMB
vduikuyﬁcmmnb(mlwgmhwdmwmwcumh
enviconmental managers in assembly plants, and regultions are continvously aiming for
lower voc emissions. When i approaches to managing vocs, it is important to Jook
at the Wb‘h@m»mmm«mw%y
bark 1999). Environmental techaologics snd managetnent practices can be classified in one
dmmmnpﬂmmm-ﬂmm
Mmmiﬂmhmwm&mmﬂu
MWWbmm«mMaammd-p
material use or reduce materialiresowce use. A benefit of pollution preverntion activities is
lhnthcynoﬁn"vﬂmaddul‘fwlmﬁmdmmcymdwemtmghmrwnu
reduction or through the avoidance of waste management costs (Porter and vas der Linde
lﬂsxmwmmﬂn&nmrﬂwmdmupmmmw
wimeolpoumuuhnmfdty.m-ueddm—dmiqwm
MMWn“mdd-ﬁp.”luupbhmM.m
mﬂWﬂua&hﬂMWﬁﬁmmmm-
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10 meet current and future regulatory requirements or community pressures.

For resource efficiency, reductions are achieved solely through pallution  prevention
technologies und manngerial spproaches, value added approaches st which, as discussed
uhmc.lanphmwillexcellnlh:m:olvoc's.howem.uhik‘ncmigpm
efficicncy and reducing the solvent cuntent of materials through pollution prevention tech-
demmmm“wwmanm
many cument and future regulatory requirements. additional reductions require control
technology, expensive end-of-pipe abatement equipment such as incinerators. In fact, Ars-
gon-Correa (1998) suggests that firms with leading-edge environmental performance com-

enviconmental managers in assembly plants, and regulations are coutmt;t;us(yﬁah;u—g fc;
lower voc emissions. When considering approaches to managing vocs, it is impartant 1o look
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oven abatement 10 meet regulatory requircInents.
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and hypothesize the following:

Hyromuesis 2. Pmnummmnmrdingmnkmphﬂomphynmbcm likely to
have higher voC emissions.

Methods
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plants.

Survey Design
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process engineering in the body, paint. and assembly shops, material handling, quality

B <

comol. senior plant managemert, and human resources. The resulting data were cross- —

checked with the plant for completion of missing or incomplete answers, and approximaely Vanable Measarements and Descriptive Swiisscs

half the respondents received a 1-day visit 1o verify the data on-site. The dats from the tars s SR Sowce ¥ Mem 50 Me Mw

were utilized 10 develop metrics of how lean each plant is, as well a5 non-environmental

performance metrics. Additional detall on the 1ars can be found in MacDuffie and Pil (1995). Dependent

Data for hoth surveys were collected in the 1994 -1995 time frame. While the two surveys Sty e Average 1992-1993 MMBTLY  EPS' %0 7 m W 1488

were administered separately, an effort was made to target similar plants. There was an 100 Vehicles ke w18 219

overlap of 32 automobile assembly plants, with 7 plants m Japan and 25 in North Amenca. Water use Average 1992-199) =10 EFS' 30

One plant was eliminated because of #ts unique body style and panting process, leaving 3 Vehicles s W w9

Biwst M 31, 'Whle his s - sty semsll itnight, s o SEEBR (R0 aspact %0 T VOCHmm  Averes (990-1953 000 oA -

environmental practice research (Klassen and Whybark 1999}, Our data are unique in that the

separate surveys provide us with objective metrics by independent observers for multiple Indrpendent

measures of envirommental performance and B 3 w2 68 10

For 1ps, the researchers contacted 109 plants from 20 different coumries. (In contrast, the T s Sy Vs -e w

environimental survey focused on plants belonging to the Big 3, and Japanese compames of ports and (reuency of

operating in North Amenca und fapan.) Eighty-three usable surveys were retumned, for a delivery), snd size of paint

response rate of 76%. The assemb y plant survey respondents not included in these analyses sssembly bufler (z.scoes,

are significamily smuller in size (160 vehicles/day versus just over 1,200 for those in the rescaled om 0 e 100, with

sample), and have sigmificantly worse productivity (30+ hours per vehicle compared 10 an ;,""‘"”""‘

average of 20.2 for those in the sample). There ure no significant differences in the lean I 1ABS' N A% ¥ae 0 W

indices, The response rate for the environmental survey was 72%. s e e gt

Descripiive Statisties and Construct Measwrement m,‘w

Table | peovides descriptions, sources for the key quantitative varisbles used in our comtingest compemation,

empirical analyses. and the basic descriptive statistics, We have developed three plant-wide g

measures of environmental performance based on dota from the £rs, As a measure of air mmOhhﬂu&

poltution, we used plant level emissions of volatile organic compounds (voc) in kg/100 100 greasest in overall

vehicles, Water use was measured in m’/100 vehicles and encrgy use in mvamis/ 100 vehicles, saple) us & b
All three of the messures are plant wide and averaged over 2 years to reduce the influence WORK Comtwnation of percess of IApst 3 3

of extenuating circumstances in a particular operating year. workforee in lcam, pereen

Table | describes our three indicators 1o capture the different aspects of lean that may “wm"‘::_,

contribute to eavironmental performance. The Buffer Minimization index (surressun) mea- :mww

sures the degree to which buffers are minimized m the production operations. The Work s T

Sysiems index (womk) is 3 meassre of work structures and policics that govern production ) decemmalizanion of

activity on the shop floor and influence the skill acquisition and development of production c reyponsibility for quality

workers. Our thind index, human resovrce management practices (nrm), captured the orga- 3 gmmm

nizationdl practices associated with employee skill development, and the faciors that foster ﬁ" §00 greatest)

» “psychological contract” betweea the organization and its employees. For each mdex, 3

SUFFERMIN, WoRK, and iy, the component items were nommalized, summed, and converied : Comired

into @ 2-scome that s rescaled from 0 1o 100, Higher scores indicate & greater level of lean . st M 3 12 4 ge
manngement practice, and the highest score represents the plant that uses the lean practices 3 Age m“m":ﬂm Epst 3L 1208 w40 3
mast extensively (MacDuffie 1995). IR L R i P o sl oh
To explore the relationship between lean and environmental performance, we introduced ¢ Encrgy com Aversge 19921993 s % .

a few key controls. We controlled for plant age (acs), as it can influence the state of the - SMMATU . s ns 0y oo4  IE
techaology in the plant. We recognize that major changes in plant structure and technology . Witer cont """"”‘":1’:",,, oy » 125%

can happen after the initial plant stracture is put in operatian, However, the inifial structure $ B T ' waterbore

does place limitations on plant utilization, We explored collecting data on plant retrofits, but ‘ . Lacstion of Plant | = Japsn;  EPS' f,:

were unsuceessful due o a combination of low response rates, and differences in how plants
perceived rewrafits. We wall wiilize the plant’s age based om its inception date with the
recognition that this is 2 less than pedfect measure. MacDuffie (1995) suggests controlling for
production volume (reopueTion) as the ability 1o adopt certain manufactuning processes can
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the average of the three mdices, Buffer Mintmuzation, Work Practices, amd Human Resousce
Iyactices, “less lean™ plantt scored below S0 and “more lean™ plamts scosed 50 or above

Rewsits and Discussion

Survey Resuity
Table 2 provides the correlations among the res of env tal performance and
the Indicators of lean. While all but one of the correlations for witer use, energy vse, and vec
emissions are tn e hypothesieed direction, only wesm significantly coerelates with water use
i1y the hypothesized ditection. Energy cost is negatively comelated with energy use, siggest-
ing that plants faciig higher encrgy costy make greater efforts 10 conserve eoergy, The same
relationship holds between water cost and water use. Plant age i significantly and negatively
correinted with waler usage and positively correlated with energy usage, suggesting that older
facilities are less wasteful when #t comes to water wse. Encigy cost is positively correlaed
with both producton volumes, and the indicators of lean. Oone reason for this may be the
plants in Japan are move likely to face higher encrgy costs as well as utilize lean practices
The une of waterhorne paints is negatively comelated with voo emissions
Table 3 provides results of regression snalyses examuning the relatioaship between voc
emissions and the indicators of Jean Lookang oaly at control variables, uie of waterborme
hase cont is significantly associated with lower voo emissions, voc emissions is positively
related to al) three lean indicators, and is significandy related 10 womk sysvems. Thus,
Hypothesis 2 is partially supported. This result suggests that there may, indeed, be trade-offs
belween lean production and enyironmental performance and underscores the importance of
looking at multiple measures of envirosenental performance. For resource efficiency, regres-
slosty were run i 3 similae formulation. While the relstionships wre in the hypothesired
direction, the regression analyses showed no significant effect of any of the indicaions of Jean
on water o energy e, This may be due o the relstively small sumple size (see discassion
sectiom below)

We slso ran reliability snalyses for each of the three constructs on the data used for this
paper. The Alphas for the i factor was 01 7, for Work 0.69, and for Buffers was 037 Given
the low alpha for Bufler Minmmzzation, we ran all regressions wsing first surresons, and then
the components of this construct (incoming inventory levels, in-process mventory, and repas
space). We found that incoming inventory levels was the only vanuble with a statistically
significant pole— it was significantly negatively associsted with water cse and energy use (as

TABLE 3
Corrriztums .
Vanshis 1 b3 ] L] | (Y T L] s W
Corpembe=:
Foorgy v (1) !
Waer wee (1) on i
VOC omiviaoms (8 <001 0083
[ ]
Easegy comt (8) 0345 -01W) a2
Water oot 5] -008 ~0535** -1 0 I
Plank wpr 140 A <RI By ~nia hoes |
Duaily prodestiin (7). Q004 —0343 D068 D6S*s DA ~008 |
HRM jodex (%) 0484 <0423 QA 0359 018 0544 03 |
Wk spmem il (V) <0240 ~0364 048 0429 ~00M ~0392%* D.440* D844
ufter index {10} 006 -0008 048 GA62e ~00Ka -0115  (330°* 0354 BT

* Cormelation sigasficant & the 008 bevel ** Conelation is sigaficast it the D07 wel

space). We found that incoming inventory levels was the only vanable with o statistically
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TABLE 3
lwnn-wp VOO Emissions
ladeperatenm Model L4 (1 2ty Maodel 15 v ser) Madel le (¥ sta) Moxed 1df (¢ sear)
A" - -
B e .::g:_::g ~008| (—0.26%) 0.113 603y =033 (~Q804)
Countey. (Sagin = |) —o:bm—n«u) -::;::_:g;;;) e ! i e
4 o ' ! “h 03021~ | 6%y 0122 (-0
‘ 1634)
'::h: : 0.1%0 {0 837)
iyt 0508 (2 275%)
- G097 (Davy)
e
& Jone- '
fn o W

MVM-MM 0o » -
level. %< Significant t the 000) level Feles. * Sipruficant a1 the 0,05 level. ** Significant o the 0.01
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a my time and while ibuti
productive capacity. | j\l‘&! want to svoid them," In _addim.n mumm plal:llﬂea::
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TABLE ¢
Wasse Masapemens Strategy (Arevages from Each Category)
W of Water Waste Reduced % of A Emissborn % of Sohd Waste Redeced
n Past Yesr teough Waste Reduced i Past Year n Past Year Throogh
Lean Score N Pollution Prevention Threugh Puliytion Prevention Pollution Prevention
TOTLEAN <30 § R n (]
TOTLEAN >50 12 o £ | 94

activities such as recycling, material changes, process change, and encrgy recovery. In the
case of air pollution, lean plants reported achieving $3% of their air emission reductions in
the past year through pollution prevention, while less lean plants reported 17%, indicaling
that Jean plams place & greater emphasis on pallution prevention over sbatement equipment.
We can see that for water waste, lean plants had an approach similar to that of less lean
plants, with approximately 44% of the water waste improvement being made through
pollution prevention. This outcame was strongly influenced by the extremely stringent water
regulations in Japan in comparison to the U.S, (most plants emit drinkable water, which one
plant manager proved to us by drnking a cup). When looking only at plants in Norith
America, however, leancr plants in North America did take a more preventative approach s
compared with less lean plants in North America (63 versus 43%). For solid waste, we found
little difference between the plants, 45 most waste is recycled or incinerated (incineration was
coded as abatement if there was no energy recovery).

Other goals of lean production can also conflict with environmental performance. For
example, becasse water use in some processes i§ critical 1o product quality, lesn plants may
trade off greater water consumption in those arcas for superior quality. This is particularly the
case in the paint shop, One plant in Japan, for example, chose not 10 adopt a waler saving
process in the paint shop because of quality concemns, even though it was being used with
success at 4 us, plant. One environmental manager explained how difficult it was 1w ger
buy-in for & water recycling project in the wet sanding arca:

We looked mt the cast of plunbing the water 10 0 microas or smmller—ot that level you would not
need 10 worry about contarmination. We talkedd 10 paint engincers and eapeczally guality people. They

Tt Tot of fears, They feares) that there would be ol In the water—50 we used in-lioe ofl and grease
snalyzers. They were afraid of din—so we deioed 10 e it back threugh the dionizer, They were

slraid of bacterio—to deal with that we exposed the water bo by light

While the focus on buffer minimization and waste minimization may conflict with some
aspects of environmental performance, they can contribute to environmental performance. As
explained by an environments] manager 3t a Japanese transplant, “The very basis of the [lean]
system is 10 always reduce waste. Of course, it applics 10 a ot of things, such as reducing
costs and space. But it is the same concept.” Minimal buffers, for example, allow instant
feedback of problem conditions during production and relate 1o an overall philosophy of
waste reduction, A manufacturing manager at o lean plant explained:

Narrawing inconsistencies Is i primary goal of [our company ). Bocause of this fcu, smonging wiste
Is easier 1o o, Every timne we muke & change, the indicators of munufactucing peclonmance show the
impact of that change | With this type of Jocus, ) it's easler 80 menitor wastes and then reduce themn.

One of the advantages of low buffers is that they allow for rapid feedback of data. For this
feedback to happen in a timely manner snd the Jean process to function properly, there must
be adequate measurement and use of data related to important process outcomes, such as
efficiency. In our imerviews, we found that workers in Jean plants measured and posted
material and natural resource use data more often than less lean plants. As shown in Table
5, plants that scored above 50 on the Total lean index measured solvent-laden cleaners, purge
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berg. Briscoe, and Marcos 1997). Environmental staff would have minimal interaction with
plant staff and were ofien placed i offices that were physically isolated from the rest of the
plant. This spproach o eavironmental management conflicts with the philosophy of buffer
minimization found in lean production. In lean plants, there was a concerted effort to increase
the level of interaction between environmental and other-plant staff. For example, as seen In
Table 6, most striking was that environmentil managers in lean plants 1ok o more “hands-
on” approach to management, with managers in leaner plants reporting (o spend an average
of 59% of their time on the plant floor in comparison 10 the 28% reported by the less lean
plants. As one environmental manager explained, “working the floor™ was the key to
successful environmental management; i helps increase buy-m, explain environmental
concerns (c.g., why il is importast 1o purge paiat guns in & specific manser), and harness new
ideas regarding environmental performance.

Woax reacrices.  The lean practices indicated by the second indicaior of lean production,
work practices, also seemed to influence the way in which environmental performance was
managed in the firm. We saw greater levels of worker participation in emvirgmmental
ucnvities in lean plants. For example, as seen in Table 6, plants with higher lean scores
generally had greater paticipation from floor workers in areas such as chemical use
monitoring and reduction and solid waste reduction. Much of this pasticipation 100k place
theough formal suggestion programs and quality circles. The suggestions and Quality Circles
that the plants wsed as examples with us addressed such tssues as reducing cleaner use, reuse
of cleaning mgs, reuse of scrap material, energy conservation, and systems for packaging
waste separation. An environmental masager at oo Japanese transplant explained the role of
workers in eavironmental management:

Yoo, the (lean| producton sysiem is an 2 g P phy, bus wll of these
syvrems and techniques within it remain aottiing but o collection af great ideas unless e right people
make i happen, This is panicularly true m efviconmental affules, We give team members every
oppontunity 1o want 10 cae [abou ‘ | perd | by geiting them involved in the

decisium-making process. We believe ihat the poople whe 0o the werk are the me qualified 10 ligure
oot how (0 d0 it eves better. . The whole key 1o cavaunmentsl perfoemance 4 people

At anc plant, & closer look was wakes at participation practices, details of which can be
found in Rothenberg (1999). In thus plant. 744 sugeestions from the suggestion program were
reviewed, coded, and analyzed. We found that 8 5% of the suggestions had potential for a
positive envitonmental impact. An interesting observation was that hourly specialty staff
such as workers on “special projects,” and quality snd maimenance p 1, rather than
line workers were important in initiating suggestions resulting in large environmental
improvements, However, floor level workers were often important in (heir altimate imple-

mentation.
As discussed carlier, in paralle] with these work practices (s an eaviromment in which
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sppeitve 10 improvements in resource efficiency. Fiest, lean plamts atm o mimmmese ok
ol buffers, leading not only to reduced buffers in environmental technology and g
awnt, buf an overall spproach to manufactuning that requires the minimization of waste ant
woessibility of eavironmental information. While this philosophy may tesult i some
nadontls m environmental perfornance when control technologies are needed for superion
perlormance, it is largely congruent with resosirce conservation. Second, worker participation
w cvntinuous improvement serves 1o improve environmental efficiency. Third, the human
wewriee practices wn lean plants encourage higher levels of environmental training and
yuavide the skills seeded for identification and implementation of wasie reduction oppartu.
wses. An imicresting fioding in the qualitative analysis was that this relationstnp will be
anmger for those resources plants perceive as more valuable

Our reliance on “global™ mdicators of lean may be one reason we did not ind swtisicatly
significant resalts in our regression analysis, Centan lean plants are smplemienting eaviron-
st management practices {(¢.g., training, measurement of rexources use, and environ-
wental managers with multiple responsibilities), which may sot be related to these overall
han practices aml strstegies Future research should rely on measures of eovieommental
management practice, similar 10 those used 18 our sern stractured interviews, 1 capture the
coviconmental aspects of lean prodoction.

We recognize that there are several Emitations to thes study. We have only a celatively
sutall sample of 31 plants Jor the multivariste analysis. HBoth the 205 and wars lond karper
samples of plants, and the ers was dougned 10 be complomentary so that the duta could be
pooled efficiently. This could nat be fully implemented became we were unable 1o obtan
commitments from the companies to attam an sdentical samipic. To address this issue we have
wecently placed an imtegrated survey win the field that combnes manufactocing and envi-
raments] messures.

Despiie sample baitations, thes 5 the most comprehensive examunstaon of the relatiombp
between lean pvoducton and coveoamenta) peformance and nueagenent o the atomaolive
sector. The study relied on cxicasive sanveys and m-depth interviews with mare than 150
mamagers w Japan and North America. In comtrast 0 King and Lermoa, (2001), we heficve thae
these relatioenbeps are strongly nfluenced by the secior amd scchnical options within the socue’s
“rechnology portfolio™ In this case. o is clear that mundated enmssion levels can not be schicvad
theough prevention lechmologees oaly. This relatiomship deserves funther nvestgation o deter-
mune thew gencralizability w assembly plants scross indusines i industnal countrios.

Our fiadings sbout the potential wadeoffs between lean production and environmental
performance are of interest 1o researchers as well as managers b indintry, With respect 1o
researchers, this sudy points o the complexny of the relaonship between manofactunag
management pracixe and envi I pecfor In particular, it stresses the nevessity
10 distinguish between envonmental manapement practices amd envionmental perfor-
monce, and between vanous environmental performance metrics. Theones that sugpest a
simple “win win™ relabonship do aot scearalely reflect these complexities.

With respect . managess, of mmost comcem s how fo balance pressures for improved
eavirminental performance and more iraditional memsures of perdonnance i many plants adopt
lean management practices. This paper suggests that while lean practices can inflwence environ-
mental pumagertient practices and perbaps improve resugree wse, (hey will not be able 1o sddress
all environmental issues. The complexities uncovered, both in our quannitative analyses. il
quulitative findings, suggest the need for further research o deepen our undentamling of the links
hetween advanced manufactuning and environmental performuance.'

The unithors thunk the pisticipating companies, Lotk Baityn, Tom Kechan, Masseco Soally Sotw Pusd Mo Dullie
Churtle Fine, Danlel Roon, Joet Clark, Frink Fiekl, The Stom Foundation, The sr) hoenessionil Motor Vel e
Progrom, ardd the Cemer fur Intemational Busioess Edicatian and Mescarch gt e Katr Sotund oF Buiins. o
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