





























LEAN VERSUS MASS ORGANIZATION SYSTEMS

the market environment. It is measured
as the percentage of total correct deci-
sions made by the organization given
the total number of problems presented
to the crganization.

We then evaluate the efficiency of the
decision. Efficiency of the decision is
represented by the number of rounds of
decisions made by the organization for
each problem within the given time
limit. Because of the dynamic process
in the organizations, an organization
that can make more rounds of decisions
has more chances to choose a final deci-
sion.

Summary

The basic framework of the computer
model can he summarized in the follow-
ing function:

PERF = F{ORG, MAKT, TIME, COND),

where PERF is the organizational level
outcome, including effectiveness and
efficiency; ORG is the organizational
design, which can be either for lean or
mass organization system; MAKT is the
type of market environment, which can
be either predictable or unpredictable;
TIME is the level of time pressure,
which can be low, medium, or high;
and COND is the operating condition
within the organization, which can be
normal condition, communication
hreakdown condition, or member
turnover condition,

Simulation Experiment

To generate the results for testing the
propositions, we conducted a series of
simulation experiments. We first let
each organization go through a training
period for one type of market environ-
ment, say the predictable one. During
this training period, the organization

encounters all 19,683 possible problams
in the market environment, and learns
from the feedback provided to them.
Alsa, during this period, the organiza-
tion is in a situation that has gptimal
operating condition and no time pres-
sure.

After the training period is over, we
then immediately put the two organiza-
tions in real time situations. Each orga-
pization is faced with 1,000 randomly
drawn problems while in the same maz-
ket environment, a specific level of time
pressure and a specific internal operat-
ing condition. We then present anather
1,000 problems to the two organizations
with a different level of time pressure
and a different internal operating condi-
tion. During the performing period, no
more feedback is provided to the organi-
zations, and organizational decisions
are recorded and compared with the
market defined true state.

We do this for both predictable and
unpredictable market environments
respectively. Through this experimental
design, we would have the results of
each organization’s performance in 18
different situations.

RESULTS

To test the propositions, we look at
how the lean organization system and
the mass organization system perform
under different internal and external
conditions. Table A1 of Appendix A
lists the problem solving accuracy of
both lean and mass organization sys-
tems across the market environment (2),
operating conditions (3), and time pres-
sure (3), in a 2 x 18 form. In each cell of
the table, the percentage of correct deci-
sions and standard deviations are listed
so that comparisons across different
cells can be readily made, To address
our propositions, we focus on specific
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cells, and use the t-test as gur statistical
method, because our main purpose is to
compare the twa organization systems
in different settings.

Market Environment

Let us first look at the results under
different market environments (Table
3). The results show that when the mar-
ket environment is predictable, the
mass organization system cutperforms
the lean organization system in terms of
accuracy of decisions regardless of oper-
ating conditions within the organiza-
tion. The differences are all significant
(p < 0.05). In contrast, when the market
environment becomes unpredictable,
the lean organization system generally
outperforms the mass organization sys-
tem. The differences are significant
under optimal and communication-
breakdown conditions (p < 0.05). This
result supports Proposition 1.

This suggests that the mass organiza-
tion system can rely on its highly cen-
tralized and formalized structure to
tackle a market environment that is sta-

ble and is dominated by few dimen-
sions. For example, mass producers saw
their higgest successes in the early years
of manufacturing when competition
was sparse and customer demands were
scant. In contrast, the lean producers
can use their more active team approach
and their members’ versatile expertise
to cope with a more unpredictable and
diverse market environment. This is
demonstrated by the fact that the lean
organization system hecame more suc-
cessful than the mass organization sys-
tem during the 1980s, when custgmers’
demands for manufacturing products
became increasingly diversified, and
when global competition bhecame
increasingly fierce.

Operating Conditions Within the
Organization

We further look at how mass and lean
organization systems perform under dif-
ferent operating conditions. We find
that certain sub-optimal operating con-
ditions such as communication break-
down (three simultanegus occurrences),

TARBLE 3
EFFECTIVENESS COMPARISONS ACR0OSS MARKET ENVIRONMENTS AND
ORGANIZATIONAL OPERATING CONDITIONS UNDER Low TIME PRESSURE*

Market Envirgnment  Operating Condition

ass ste

Lean System

optimal 0.599(0.490)¢" " 0.414{0.493)2
Predictable comm-down”™ ™" 0.616(0.486)C 0.412(0.492)2
turnover 0.599(0.490)¢ 0.411(0.492)2
optimal 0.465(0.499)P 0.542(0.498)C
Unpredictable comm-down 0.451(0.498)b 0.549(0.498)C
turnover 0.465(0.499)b 0.458(0.498)b

* The mean value in each cell represents the proportion of correct decisions made by the organization
for 1,000 problems. Standard deviations are in parentheses.

** Means having different superscripts (2 b, ¢) are significantly different at p < 0.05.

LR RS
Comm-down = communication breakdown.
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have virtually no effect on the mass
organization system {Table 3). In a pre-
dictable market environment, the accu-
racy of the mass organization system
aven shows signs of a slight increase
when there is communication break-
down, This suggests that the reason
why the mass organization system’s per-
formance is less successful than that of
the lean organization system in dealing
with diversified challenges may he part-
ly due to the excessive complexity and
redundancy of its formal and rigid com-
munication structure.

Ag for the lean organization system,
when the market environment is pre-
dictable, sub-optimal operating condi-
tions do nat significantly impact perfor-
mance either. This suggests that in the
lean organization system, limited com-
munication breakdown may be compen-
sated by intensive team work. Overall,
the above results do not support
Proposition 2.

However, we find that when there are
turnovers (three simultanecus occur-
rences), and when the market enviran-
ment is unpredictable, the lean organi-
zation system becomes much more sus-
ceptible and its performance drops dra-
matically (p < 0.05) {Table 3). This sug-
gests that the lean organization system
has its own limitations related to the
large costs associated with turnover.
From the analyses, we also see that the
mass organization system is not affected
by turnovers. This is because the mass
organization system does not rely on
sophisticated expertise or team work of
its members, and thus can replace low-
level workers without adversely affect-
ing quality. The lean organization sys-
tem, however, depends on team work
and sophisticated expertise of its mem-
bers, and thus places more demands on
new members to fit in the high quality

problem solving processes. That may
also explain why the lean organization
system has become most successful in
Japan where a long-term employment
policy is practiced.

Table 3 also shows that when the
market environment is predictable,
turnaver does not have a significant
effect on either the lean or mass organi-
zation systems’ performances. This is
partly because under the predictable
market environment, the lean organiza-
tion system’s performance is already
fairly low, and thus may not be as sensi-
tive to the negative effects of turnover.
Qverall, the results support Proposition
3.

Time Pressure

We now look at how mass and lean
organization systems perform under dif-
ferent levels of time pressure (Table 4).
Our results show that both mass and
lean organization systems are suscepti-
ble to time pressure (p < 0.05). When
the market environment is predictable,
the lean organization system is less sus-
ceptible to the change of time pressure
from low to moderate than is the mass
organization system, but the perfor-
mance of the lean organization system
drops significantly with a shift from
moderate to high levels of time pressure
(p < 0.05). In addition, the lean organi-
zation system is still outperformed by
the mass organization system under
each level of time pressure (p < 0.05).
This does not support Proposition 4.

When the market environment is
unpredictable, the lean organization
system outperforms the mass organiza-
tion system under moderate and low
levels of time pressure (p < 0.05), but
not under high levels of time pressure.
Both lean and mass organization sys-
tems are still susceptible to time pres-
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TABLE 4

EFFECTIVENESS COMPARISONS ACROSS MARKET ENVIRONMENTS AND
LEVELS OF TIME PRESSURE UNDER OPTIMAL ORGANIZATIONAL

OPERATING CONDITIONS*

Market Environment

Low
Moderate
High

Predictable

Level of Time Pressure

Mass System
0.599(0.490)""

0.459{0.498)C
0.301(0.45912

Lean System
0.414(0.493)¢

0.437(0.4986)°
0.274(0.446)2

Low
Moderate
High

Unpredictable

0.465{0.499)¢
0.267(0.482)0
0.346{0.476)0

0.542(0.498)d
0.419(0.493)°
a.338(0.473)b

* The mean value in each cell represents the proportion of correct decisions made by the organization
for 1,000 problems. Standard deviations are in patentheses.

** Means having different superscripts (2 b, ¢, d, €} are significantly different at p < 0.05.
B P P B ¥

sure {p < 0.05). The results suggest that
the lean organization system can sur-
vive better under time pressure than the
mass organization system only when
the market environment is unpre-
dictable. This partly supports
Proposition 4.

The superiority of the lean organiza-
tion system is thus only evident under
an unpredictable market environment
with low or moderate pressure. This
may partly explain the success by
Japanese style lean praoducers, who
favor low centralization, low formaliza-
tion, and active team work, when the
world manufacturing competition start-
ed to become fiercer and more time sen-
sitive during the 1980s. However, the
results also suggest that Japanese style
lean producers may lose their advan-
tages when the time pressure becomes
too high for effective team work.

Efficiency
Finally, we laok at the efficiency of
the mass organization system and the
lean organization system (Table 5).
Before discussing the table, we first look

at the minimum number of time units
each organization system takes for mak-
ing a complete round of non-pressured
decisions as constrained by its organiza-
tional design. According to our model,
in the mass organization system, the
top-level manager takes one time unit
(1) to ask for information when receiv-
ing the problem. A middle-level manag-
er takes one unit (1) to read the order
from the top-level manager and then
another unit (1) to ask for information,
A bottom-level operator takes twao time
units (2) to read orders from two mid-
dle-level managers, then one unit (1) to
read one piece of information, two units
(2) to process information and make
judgment, and one unit (1} to pass up
the result. A middle-level manager then
takes six time units {6) to read results
from the six operators under his/her
supervision, twelve units (12) to process
and make a decision, and one unit (1) to
pass up the decision. The top-level
manager takes three time units (3) to
read decisions from three middle-level
managers, six units (6] to pracess infor-
maticon and make a decision, and ane
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unit {1) to pass up the decision. In total,
the mass organization system will need
at least 38 time units to make the first
round of organizational-level decisions.

In the lean organization system, there
are only twa levels in the hierarchy. A
top-level manager takes one time unit
(1} to ask for information when receiv-
ing the problem. A bottom-level opera-
tor takes one time unit (1) to read the
order from the top-level manager, two
units (2) to read two pieces of informa-
tion, two units (2] to make an initial
personal decision using the operational
rule (take-the-middle-value rule), nine
units (9) to communicate with team
members, pracess infarmation and
make a team judgment, and one unit (1)
ta pass up the result. A top-level manag-
er then takes one unit (1) te read the
passed-up decision, one unit {1) to
make an initial personal decision, nine
units (9) to communicate with other
top-level managers, process information
and make a team decision, and one unit
(1) to pass on the decision. In total, the
lean organization system will need at
least 28 time units to make the first
round of decisions.

The results in Table 5 show that
when time pressure is high, both mass
and lean organization systems can only
make ane round of decisions for the
final organization decision, which is
basically a random guess. The mass
organization system, because of its reac-
tive problem-solving attitude, tends not
to pursue prohlems actively. Thus, it
will stop at making one round of deci-
sions for the final organization decision
until a new problem forces it to make
another decision.

When time pressure is moderate, the
lean organization system can process an
average of 1.45 rounds of decisions to
reach a final decision. When time pres-

sure is low, the lean organization system
becomes much more efficient than the
mass organization system, as the lean
organization system can process 3.11
rounds of decisions for each final deci-
sion (p < 0.08). The analyses suggeast that
the lean organization system may be
more successful than mass organization
system when time pressure is low,
because the lean organization system is
more efficient and has more chances to
review the options before making final
decisions. The results support
Proposition 5. This may also provide
supporting information regarding why
the lean organization system can adopt a
just-in-time mode of operation system,
which demands timely responses.

Summary

The results have presented some sup-
port for the propositions we have listed,
except Praposition 2. Our analyses have
demonstrated that the lean organization
system’s advantage over the mass orga-
nization system is situation specific.
Though the lean organization system
can generally perform better than the
mass organization system when the
market environment is unpredictable,
and when the time pressure is not too
high, it suffers more from member
turnover. The mass organization system,
on the other hand, shows its advantages
when the market environment is pre-
dictable. It is also resilient to either
communication disruption or member
turnover.

DiscUsSION

Our study represents a first step
toward generating theoretical under-
standings of lean and mass organization
systems — two impaortant types of orga-
nizations originated from twa different
cultural environments — from a manage-
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TABLE 5
EFFICIENCY COMPARISONS IN TERMS OF THE NUMBER OF ROUNDS OF
DEecIsiIoNS ACROSS LEVELS OF TIME PRESSURE UUNDER OPTIMAL
ORGANIZATIONAL OPERATING CONDITIONS *

Level of Time Pressure
High

Moderate

Law

Mass System Lean System
1.00(0.00)2** 1.00{0.00}2
1.00{0.00) 1.45(0.95)P
1.00(0.00)32 3.11(0.95)¢

stant across different market environrents.

* The mean value in each cell represents the average round of decisions made by the organization far
1,000 problems. Standard deviations are in parentheses. The number of rounds of decisions is can-

** Means having different superscripts (& b €) are significantly different at p < C.05.

ment coordination perspective. With
the modeling of organizations of intelli-
gant members, we demonstrate the
importance of considering the effects of
the different structural characteristics
between mass and lean organizations on
their problem solving proficiencies and
how the market environment and the
operating conditions within the firm
interact to affect the relative effective-
ness of lean and mass organization sys-
tems. We particularly find that some of
the common perceptions regarding the
superiarity of the lean organization sys-
tem may be misplaced. OQur study calls
for organizations, in particular those
MNCs, to understand better various
environments of today’s world before
rushing into the lean production, as dif-
ferent personnel, market and cultural
conditions can pose different chal-
lenges. This study has general implica-
tions not only for lean and mass organi-
zation systems, but for other similar
forms of organizations as well.

Our study suggests to organizations,
espacially mass producers, that they
should first have a clear understanding
of the market environment thsy are fac-
ing before abandoning their traditional
design and jumping onto the bandwag-

on of the lean design. When the envi-
ronment is predictable, meaning that it
is not diversified or complex and that it
requires little interaction between work-
ers, the mass organization system,
which is designed with strict hierarchi-
cal structure, high division of labor, and
rigid decision making procedure, can
still be fairly effective. Indeed, the mass
organization system was designed to
handle decomposable, simple, and
repetitive tasks, and there is no wonder
why mass production is still the pre-
dominant production method (Womack
et al., 1990). However, as customer
demands become more varied and tasks
become mare unpredictable, the lean
organization system enjoys distinct
advantages over the mass organization
system in terms of problem solving pro-
ficiencies. This is hecause the lean orga-
nization system emphasizes team based
majority voting procedure and more
versatile skills of members. It is
designed more as a generalist system for
a more widely defined niche {Hannan
and Freeman, 1977; Carroll, 1884). Each
member’s individual experience is no
longer as important. Instead, the collec-
tive effort of the team ar the entire orga-
nization becomes the primary drive for

VoL. 30, No. 1, FIRsT QQUARTER, 1999

69



LEAN VERSUS MASS ORGANIZATION SYSTEMS

effective decision making, as confirmed
in other cross-cultural studies
(Hofstede, 1984; Triandis, 1989). This
gives the organization the leverage to
handle more diverse types of problems.

The result that the lean organization
system. can fend off disruptions of limit-
ed communication breakdowns suggests
that organizations should be aware that
they do not always have toc design a
complex structure to deal with today’s
diversified and unpredictable environ-
ment. As long as such communication
disruptions can be limited to a small
scale and a low level, a simpler and
thus less costly design may be just as
beneficial. Of course, as organizations
vie for economies of scale, their sizes
may increase dramatically, and struc-
tures will become much more complex.
This increasing trend toward larger
organizations may also result in more
communication barriers hetween the
different sectors of an organization, and
in turn result in more communication
breakdowns with which the organiza-
tion may not be able to deal effectively
(Perrow, 1984). The benefits of a sim-
pler design would, however, have to be
halanced against the high selection,
socialization and training costs of lean
organizations. Lean producers are
known to invest heavily in selecting the
right person, retaining the right people
for a long time if not for life, and social-
izing and training the employees (Imal,
1991}, This may pose a new challenge
to management researchers and practi-
tioners, especially when decisions begin
to bear increasingly severe conse-
quences to an organization’s survival
(Roberts, 1990; Rochlin, 1991).

That turnovers may affect lean pro-
ducers more than mass producers may
not be good news for lean producers.
This suggests that the lean organization

system, which has a strong reciprocal
interdependence among members, may
have to endure a larger cost associated
with member turnover. The mass arga-
nization system, though it may be out-
performed by the lean organization sys-
tem in an unpredictable market envi-
ronment, is more tolerable of member
turnavers, given its high division of
labar and rigid decision procedures.
This may partly explain why mass pro-
ducers still hang on to their more tradi-
tional production methods given the
fierce competition of today, and why
the lean organization system has also
witnessed some integration of mass pro-
duction methods. Our study has thus
pointed out that it may be very impor-
tant for organizations to consider the
tradeoff of having a lean design, espe-
cially if the labor market is not stable
and the turnover rate is high, because
such an envirenment may require orga-
nizations to have a highly efficient but
often costly training program for their
asmployees as wall.

Qur study has also suggested that
organizations should pay attention to
time pressure by further training and
increasing the efficiency of their opera-
tions, because as time pressure increas-
es, the advantage of having a lean
design may disappear quickly. This
problem may, however, be alleviated in
real world situations as lean crganiza-
tions do not use teams for all decisions.
For example, in emergency situations,
or when time pressure mounts, lean
organizations may enhance efficiency
by being more centralized.

The performance of the lean and mass
organization systems under different sit-
uations in the present study has impli-
cations for real world organizations. For
example, we can suggest to mass pra-
ducers that to succeed in a competitive
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and diversified global market, a decen-
tralized hierarchy in structure and a
proactive attitude toward problems may
enhance their learning and adaptation
capabilities. This has been demonstrat-
ed in the recent comebacks hy the big
three automakers in the U.S.

QOur study has alsa indirectly
addressed the issue of slack resources
{Aoki, 1990; Ludwig, 1993; Song, 1995).
Both lean and mass arganization sys-
tems face the task of slack resource
management. While lean organization
systems encompass slack resources
through the training of multi-skilled
members and. team decision, the mass
organization system focuses more on
using redundant complex structures. As
a result, they yield different results
when facing different types of environ-
ments (Ludwig, 1993; Clark,
Varadarajan and Pride, 1994).

A related theoretical point deals with
the boundary of lean and mass organiza-
tion systems. As discussed above, we
define lean and mass organization sys-
tems in a way that may be less satisfac-
tory than most people would like to see.
This is particularly the case if there are
variations in the structural characteris-
tics of the twa prototypes. As distinct
and different as Wamack et al. (1990)
would like to portray lean and mass
productions, it is nat entirely easy to
treat lean and mass organizations as
having mutually exclusive characteris-
tics. Womack et al. coined the term lean
because they suggest that the lean pro-
duction requires less of everything than
the mass production. But in practice,
lean organizations invest heavily in
their employees. Thus, we would not
argue that lean and mass praductions
are mutually exclusive, even though
they have very different philosophy and
practice in some areas of management.

Rather, we treat lean and mass produc-
ers as two protatypes of organizations
differentiated an their structural and
problem solving characteristics, We
believe that by comparing these proto-
types acrass different environments, we
wauld gain mare insight into how these
two types of organizations function,
thus generating implications for a
broader range of organizational issues in
international management. Further-
mare, such an examination will alse
shed light onta other similar farms of
organizations.

Among other things, the present
research demonstrates the utility of
computer madeling techniques in
studying management issues and help-
ing build organizational theories. With
the ability to madel the structural and
problem solving characteristics of lean
and mass organization systems using a
mesa-approach, we have shown how
the two arganization systems perform in
different situations. Computer simula-
tion has been used extensively in many
areas, but far less, perbaps, in the area
of international business and manage-
ment. Computer simulation as an exten-
sion of human cognition can grasp the
fundamental nature of human informa-
tion processing behavior (Simon, 1973).
Compared with natural language and
mathematics, computer simulation
offers an alternative taol with both the
power and flexibility for studying com-
plex, interdependent, and dynamic
social systems (Hanneman, 1988;
Ostrom, 1988). With continued efforts
by various scholars, we believe we can
achieve more success with the applica-
tion of this pawerful tool in the studies
of international husiness.

While we have learned much from
the new insights in this study, we must
also remind ourselves of the limitations.
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Far example, we have confined our
mode! to an extreme case of two tradi-
tionally distinctive organizations, while
there may be cases where some features
from both lean and mass organization
systems can co-exist within one system.
This will require our additional fine-
tuning of the madel to better resemble
the real world arganizations. We have
also limited ourselves to a narrow set of
performance indicators and ignored
same of the potentially important ones,
such as job satisfaction and preduct
quality. The results from this model
should be further tested in empirical
studies, which in turn can provide addi-
tional guidance for the improvement of
the model. Furthermore, because the
present study is an exploratory one on
haw the structural and the cultural
coordination mechanisms combine to
affect the effectiveness and efficiency of
two organization systems in varicus
environmental conditions, we have not
examined directly how each aspect of
management coordination affects orga-
nizational effectiveness and efficiency.
Future research may continue to exam-
ine this issue on a more microscopic
level. Different types of coordination
mechanism may be better sujted for dif-
ferent functions and environments.
Thus, there may be differential contri-
butions of individual aspects of the
caordination mechanisms at the sub-
system level, besides the system level.
Future research may assess how the sys-
tem and the mechanisms function
together to affect organizational effec-
tiveness.
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APPENDIX A

TABLE A1l
EFFECTIVENESS FOR MASS AND LEAN ORGANIZATION SYSTEMS ACROSS
TyPES OF MARKET ENVIRONMENTS, LEVELS OF TIME PRESSURE, AND TYPES
OF OPERATING CONDITIONS WITHIN THE ORGANIZATION *

Market
Environment Time Pressure Operating Candition Mass System Lean System
Optimal 0.5949(0.490) 0.414(0.493)
Law Comm-dawn™" 0.616(0.486) 0.412(0.492)
Turnover 0.599(0.490) 0.411(0.492)
Optimal 0.459(0.494) 0.437(0.498)
Predictable Moderate Comm-down 0.450(0.497) 0.413(0.492)
Turnover 0.459(0.498) 1.379(0.485)
Optimal 0.301(0.459) 0.274(0.446)
High Comm-down 0.290(0.454) 0.330(0.470)
Turnover 0.301(0.458) 0.351(0.477)
Optimal 0.465{0.499) 0.542(0.498)
Law Comm-down 0.451(0.494) 0.549(0.498)
Turnover 0.465(0.499) 0.458(0.498)
Optimal 0.367(0.482) 0.419(0.493)
Unpredictable Moderate Comm-down 0.385(0.487) 0.415(0.493)
Turnover 0.367(0.482) 0,370(0.483)
Optimal 1.346(0.476) 0.338(0.473)
High Comm-down 0.309(0.462) 0.319(0.4686)
Turnover 0.346(0.476) 0.375(0.484)

* The mean value in each cell represents the praportion of correct decisions made by the organization
for 1,000 preblems. Standard deviations are in parentheses.

% . .
Comm-down = communication breakdaown.
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