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BEYOND QUALITY

An Agenda for improving
Manufacturing Capabilities
in Developing Countries

‘Forty years ago W. Edwards Deming
helped to launch the world’s first
widespread application of quality control in
Japan. The modern-doy equivalents of
those methods ore now practised by
successful firms and managers throughout
the industrialised world. Beyond Quality
will help the developing countries to do the
some. It will be essential reading for those
who hope to master methods of continuous
improvement and the related statistical
techniques. Using technologies such as
these, manufacturers in developing
countries wifl be able to improve labour
productivity, upgrade methods of enterprise
management and promote the goals of
economic development.”
- Junp Noguchi, Managing Director of the
Union of Japanese Scientists and Engineers {JUSE)

Global manufacturing has been altered by
the emergence of a new opproach to
production which differs radically from the
principles of mass production. This
opproach has been characterized by
successful manufacturers in Asia cnd the
West who have engoged in a continuous
process to improve quality, process
productivity and cost performance.

The authors of Beyond Quality argue that
many of the methods used by these new
firms ore equolly suitable for
manufacturers in developing countries and
the transition economies of Eastern and
Central Europe.

Using cose study moterial from Latin
America, Africa and Central Europe, the
outhors demonstrate that it is the skill and
organization of people - rather thon
sophisticated equipment - which
determines growth in productivity and
product quolity. These new forms of
improvement are not dependent on
economies of scole ond so provide small
preducers with the flexibility to compete
effectively ogainst mass producers.
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Foreword

Patterns of competitive advantage in world industry have changed dramatically
over the past 20 years. Entirely new industries have emerged as older ones have
died or become a mere shadow of their former selves. The forces driving these
changes are a subject of paramount importance to anyone interested in the
future of manufacturing. They include labour costs. capital investment.
workers’ skills and technological progress. Alongside these is another well-
known ingredient of competitive success: the way these inputs are deployed
and used depends on managers’ skills and managerial techniques. and this, too.
is a fundamental determinant of a firm’s prosperity.

One of the key premises of this book is the suggestion that managerial
techniques are becoming a more important determinant of competitive ability.
and therefore deserve more attention than they sometimes receive. There are
several reasons for this realignment among the forces that shape world industry.
First, rapid advances in production technologies have led to many labour-
saving innovations. The result has been to diminish the role of labour costs in
the competitive equation. Second, the liberalization of capital markets and the
large-scale movements of capital which have followed from this development
are eliminating international differences in the cost and supply of this factor.
Indecd, we expect to see arise in foreign direct investment during the remainder
of this decade and anticipate that an increasing portion of these funds will be
directed to certain developing countrics. Third. the world's markets for
manufacturers arc more turbulent and competitive than ever hefore and this
places a premium on managerial capabilities. Finally. managerial techniques
are evolving at an unprecedented pace, making the gap hetween “statc-of-the-
art' management tools and more familiar methods greater than cver before. In
tomorrow’s world, it will be the way a factory is organized and managed that
matters most in manufacturing.

The types of managerial techniques described in this book are ncither fads
nor untested ideas. In fact, their origin can he traced back to the 1940s in the
United States of America. Shortly aftcrwards, these same ideas were exported
to Japan where they were improved, claborated and further refined over the next
40 years. Today, they have been adopted -- in full or in part - by a number
of firms around the world. Our fear, however, is that this intcrnational
migration of managerial principles and techniques is too sclective. Manufac-

xiii
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turers in industrialized countries are proving to be willing converts but in
developing countries the pace of acceptance is far too slow.

The managerial techniques which are the subjectof attention here are known
as kaizen to the Japanese and are generally referred to as "methods of
continuous improvement’ in other countries. The United Nations Industrial
Development Organization (UNIDO) has been active in this field for several
years. The goals of the Organization are to assist firms, industries and
governments in developing countries in mastering these techniques and to
accelerate their diffusion throughout the manufactur.ng sector. UNIDO’s work
in the area of continuous imprcvement is part of a wider-ranging programme
which includes assistance in meeting international standards, elements of total
quality management and total quality control. The experience accumulated
through these programmes demonstrates how effective these methods are. and
serves as a primary source for much of the material on which this book is based.

MAURICIO DE MARIA Y CAMPOS
Director-General
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Explanatory Notes

The following classification of economic groupings is used in the text. and in
most tables. in conformity with that used by the Statistical Office of the United
Nations Secretariat: “developing countries’ includes all countries, territories,
cities and areas in Africa (except South Africa), Latin America. East Asia
(except Japan). South Asia and West Asia (except Israel); ‘industrialized
countries’ includes Northern America (Canada and the United States of
America), Europe. Australia. Israel. Japan. New Zealand and South Africa.

Unless otherwise indicated. ‘manufacturing” includes the industry groups
listed under Major Division 3 in Indexes io the International Standard Indus-
trial Classification of All Economic Activities (United Nations publication.
Sales No. E.71.XVIL8).

Mention of commercial enterprises does not imply endorsement of those
enterprises by the United Nations.

Dates divided by a dash (1970-75) indicate the full period involved.
including the beginning and end vears. References to dollars ($) are to United
States dollars, unless otherwise stated. References to tons are to metric tons.
unless otherwise specified.

Annual rates of growth or change are based on data for each year throughout
the period indicaied and are calculated using a semi-logarithmic regression
over time, unless otherwise specified.
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1. Continuous Improvement in
Changing Markets

Receni years have brought more than the usual amount of reorcamization and
reappraisal :n world industry. Coming after a proloaged peiiond of unimnter-
rupted growth, this development represented a dramatic revessal in fortunes.
Manufacturing had thrived for several decades and by the . ginning of the
1970s the world’s landscape was cluttered with multinationals and other huge
firms. most of them based in industrialized countrics. Subsequent ycars have
not been kind to these industrial giants. Some are now ashadow of their former
selves and a few have disappeared entirely. Commentators telt us that the
reason has usually been a failure to adapt to changing circumstances. That
diagnosis 1s probably accurate but it is also too general to suggest many
remedies.

One of the premises on which this boek is based is that today " markets for
manufactures are quite different from those existing in carlier yvears. Such a
distinction is not original. The same point has been stressed by economists.
business consultants and policy makers. However. opinions differ about the
reasons for this change. Some analysts argue that the volatility which exists
today is much greater than ever before. while others suggest that internation -
alization of markets, the accelerated pace of technological progress or some
other phenomenon is the culprit.

Whatever the interpretation. several of the macroc :onomic and
microcconomic forces that lic hehind these changes are easy to identity. The
world economy grew at an unprecedented rate between 1950 and the carly
1970s (Madison. 1982). but in more recent years growth has been erratic.
wreaking havoc with investment plans. macrocconomic policies and interna-
tional economic refationships. Other sources of volatility are policy-induced.
Wide swings in exchange rates. the liberalization of capital markets and the
large-scale movements of capital which accompany these circumstances are
cxamples. Meanwhile, the intensity of international compcetition has been
growing. Firms arc constantly reducing the time required for product develop-
ment and accelerating the pace of technological progress in other ways,
Consumers also contribute to these circumstances. Patterns of consumptionare
changing as houscholds grow richer. A significant minority of consumers are
preparcd to pay more for some version of a product which is unique. more
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Juxurious or better serves their particular needs. As CUSIOMETizalion grows in
importance. markets fragment and producers struggle to satisfy adiverse setof
consumer preferences.

The volatility in today™s markets is so pervasive as to cast doubt on some of
the principles that guided companies in more peacetul umes. One prominent
victim may be the manufacturer’s incessant search for cconomies of scale.
According t traditional thinking. firms must produce in very large quantities
inorder to reduce their unit costs. Each batch of items could number thousands
or tens of thousands. With production runs of such immense size. itis ditficult
forthe firm to respond to asudden shift incompetitive conditions OF CONSUMRTS’
preferences. The search for greater economies of scale and related goals may
not he such a prominent feature of manutacturers” plans in the future ¢see
Box 1.h.

Other manufacturing guidelines are less well known. but equally suspect in
the new market environment. Some examples are the organizational structure
of large firms. their methods of collecting and ting in-plant dJata and their
dependence on inspection as a means of quality control. Each of these subjects
is examined in later chapters. For the present. itis sufficient to note that many
companies are turning away from traditional principles.

The alternative forms of organization and work procedures that are gaining
favour have evolved over many vears. Some methods can trace their origins to
the 1920s in the United States. Later. these ideas werz exported to Japan where
they were improved. elaborated and further developed. By the 19905 firms
outside Japan had begun to experiment with the new methods. Today. they are
heing adopted — in full or in part -~ by a large number of the worll's
manutactirers.  Our fear. however. is that this international mig -ation of
managerial principles and production technigues is teo selective. Firms in
industrialized countries are proving to he willing converts but in developing
countries the pace of acceptance 1s far too slow,

There are many determinarts of a firm’s competitive position. Those
discussed in this book are only part of alonger hist which includes well-known
factors like the cost of labour and capital. workers™ skills. technologies and
public policy. But in our view, some of these traditional factors are not as
important as they once were. The changing patiern of competitive advantage
is no longer bemg driven by cheap febour and Tow wawes. Nor will capital
investment. however Large. ensure that a firm thrives i teday s markets. In
contrast. methods of masagement. the organizaton of production fines and the
shop-floor procedures which are employed are more impaortant than in the past.
The way & factory 1s organized and operates matters mostin this emerging age
of manufacturing.
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Box 1.1 Contrasting views of manufacturing efficiency

Closely related to the idea of scale economies is the concept of “economic order
quantity’ (EOQ). The measure, which indicates the optimum number of items inanun
or batch size, can refer to a single machine or an entire production line. In either case,
it is determined by two cost components. The first is ‘carrying costs’ which consists
of interest charges on unfinished picces and materials, along with charges for wages and
rents to store these inventories and move thent around the factory. Set-up charges are
the other component and include the costs of preparing the machire or production line
to produce a particular item, along with the cost of test samples and any other
preliminary steps. The carrying costs per unit of output rise as the batch size increases
but set-up charges decline. Adding the two components together gives a measure of
production costs which first declines and then rises. The minimum point on the total-
cost curve is the EOQ (see Box Figure 1.1).

The EOQ is a weil-known part of the mass producer’s arsenal of cost controls but
its usefulness is being seriously challenged. One criticism is that the EOQ results in
production runs whici: are too large in today's fast-changing markets. Another is that
set-up and carrying cost: are not the only ceterminants of batch size. Other activities
that are not isolated by conventional accounting practices also contribute to costs.
Examples are the amcunt of wasted time and materials which occur during manufac-
turing, the motivation and skills of the workers and the quaiity of a product. Finally,
critics argue that very little can be done to reduce carrying costs whatever the amount,
but a great dea! can be done to reduce set-up charges and the niore nebulous costs
referred to here. Arguments such as these are winning over many managers, leading
them tomodify (oreven discard) traditional guidelines like the EOQin order tocompete
in today’s turbulent markets.
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There is no shortage of new ideas on how firms should deal with the matters
in today’s fast-changing markets. However, many of these ideas have proven
to be little more than fads and others have not fulfilled their promise. The
techniques and pnnciples discussed in this book ha-e a longer history and have
proven to be extremely effective in improving productivity and competitive
prowess. Moreover, they have been successfully employed in different parts
of the world and in a wide range of industries. Known as kaizen in Japan, these
techniques are referred to in this book as ‘methods of continuous improve-
ment’.' Later inthis chapter we describe the objectives and principles on which
these methods are based. along with the areas of application which receive the
mostemphasis. Butbefore turning to the microeconomic matters which are the
hear: of this book, it is useful to consider how these concepts are transferred
across national boundaries since this issue is especially relevant to the discus-
sionn which follows.

MECHANISMS FOR INTERNATIONAL TRANSFER

Long experience has shown that intemational trade and foreign direct invest-
ment (FDI) are the most effective means of transmitting new ideas and
technologies around the world. Companies may voluntarily join this process
by selling their products abroad. investing in foreign markets or establishing
tie-ups with other producers, either in their home market or abroad. Those that
abstain soon fall behind in the race to rurvive. Most will find themselves
competing against imports or facing competition from local rivals that are
foreign-owned or work in partnership with foreign collaborators.

Though trade and FDI are alternative mechanisms for entering the world
economy, they have distinctly different implications for the firm. Expanded
trade entails few inter-firm linkages. And the linkages which are created tend
to be rather superf-:ial in nature. A different set of circumstances applies to
FD1. Production-based links tend to be rather complex. requiring close
working refationships between the foreign investor and local partners. The
issues which investment-related linkages pose involve companies’ organiza-
tional structure, managerial methods and production procedures. In other
words, they are precisely the types of issues which concern us in this book.

Trade has traditionally been the more important route to world markets. The
growth of world trade from the 1950s until the early 1970s surpassed all
expectations  Though it continues 1o expand at a steady pace, trade’s preemi-
nence is being challenged by foreign investment. For cxample, statisticians
estimate that the value of the total stock of foreign investment is around $2,000
hillion — equivalent to about one-third of all the world’s private productive
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assets. The tumover generated by these assets in 1992 was bigger than total
world exports. Experts go on to speculate that FDI may only be in its ‘take-off
phase’, perhaps in a position comparable to world trade in the 1950s (see. for
example, Julius, 1990).

The pattern of FDI is also expected to change. At present, most FDI is
between industrialized countries but a wider dispersion of capital flows is
already emerging. The commitment by many developing countries to greater
education, market liberalization and privatization is beginning to pay off with
stronger economic growth and a growing number of middle-class consumers.
By the end of the decade, the average return on FDI could be much closer to the
high rates of the 1967)s than the modest ones of the 1980s.> This is part of the
reason why experts predict that the real value of FDI going into developing
countries in the year 2000 could be two to three times greater than in 1990.

The developing countries that gain most from this surge in foreign invest-
ment wili not necessarily be those attracting the greatest amount of FDI. Large
inflows of foreign investment sometimes lead to correspondingly large amounts
of imports which is not the ideal result. To maximize the benefits of FDI, local
manufacturers should be able to supply the newcomers with materials, compo-
nents, semi-finished products and services. In other words, the foreign-owned
firm should have strong links with the local economy, generating not only jobs
or additional exports but boosting domestic demand for raw materials and
intermediate inputs. This objective — to ensure that foreign investment
generates business links with local firms — suits the preferences of many
investors toda;. International companies are accustomed to working closely
with a wide range of subcontractors and independent suppliers in their home
market and would consider similar arrangements in their foreign factories.’ In
fact, the possibility of "lecal sourcing’ is becoming a more important determi-
nant of FDI as the significance of other criteria wanes (see Box 1.2).

Foreign investment is growing in importance and is gradually drawing more
and more firms into the internationa orbit. If developing countries are to make
the most of these opportunities, their firms must meet the same managerial and
organizational standards as their manufacturers in the industrialized world.
Companies that are experienced practitioners of continuous improvement will
have adistinct advantage. They have a much better chance of atiracting foreign
capital or — equally impcrtant — supplying these foreign-owned firms with
the inputs they require. On these grounds, public officials and managers of
private firms should both have a strong interest in programmes of continuous
improvement.

In conclusion, the claims we make in support of continuous improvement go
far beyond the benefits accruing through FDI. Much more significant gains can
be realized in terms of customer satisfaction, higher productivity, capital
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Box 1.2 The changing criteria for FDI

Every investment is unique, though changes in the relative importance of general
investment criteria can be identified. For example, simple types of investment
incentives such as tax holidays are no longer of much significance. Large companies
acknowledge that if these incentives are the main reason for investing in a particular
country it will be wisertc look elsewhere. Anothertraditional magnet for FDI —chesp
labour — is also losing its appeal owing to the growing sophistication of global
organizations and modern methods of production. Meanwhile, big investors display a
growing interest in procuring local inputs. Their preference stems from a combination
of concerns which includes timely delivery of defect-free irputs and materials at
competitive prices and other attributes of continuous improvement.

Itis difficultto gauge the extent to which foreign-owned firmms rely on imports rather
than loca! supplievs although recent data from Mexico sheds some light on this issue.
Thai country’s assembly or maquiladora industry has been a magnet for foreign
investment. By several standards the experiment can be judged a success. Forexample,
over 2,100 maquiladora plants zre in operation and the sector is presently Mexico’s
second largest eamer of foreign exchange. However, only about 5 per cent of the
product innuts used in the maquiladoras are actually purchased #~m Mexican suppliers
(Brannon, James and Lucker, 1990). Recent surveys have shown that many managers
would prefer that a greater portion of their inputs come from local sources. In some
instances no focal source of supply exists but where local alternatives are available they
are not regarded as competitive because of their quality, price or ermratic supply
schedules (Wilson, 1992).

savings, waste reduction and other forms of efliciency. The way these goals can
be achicved throuch continuous improvement is the overriding theme of this
book.

WHAT IS CONTINUOUS IMPROVEMENT?

Continuous improvement relers to a firm’s unceasing efforts to upgrade
products, manufacturing processes and other pars of its production system in
order to meet customers’ requireiments while concurrently reducing ineffi-
ciency and costs (see Cole and Mogab, 1994).

Two general points follow directly from this brief definition. First, change
is the leitmotif of continuous improvement. Such an approach may scem to be
a curious onc for a manutacturing firm to adopt; pcople generally prefer fo work
in a stablc and predictable environment. However, a firm’s ability to adapt to
the volatile conditions that prevail in today’s markets requires that workers and
production methods be extremely flexible. Second. the firm’s quest for ways
to improve poses a special challenge to managers.  They have to create an
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environment which wiid convert the learning and experience of the workforce
into a steady stream of improvements. But they can only succeed with the full
cooperation of others — in particular. the shop-floor workers who are the
company’s real “value-adders’™. Managers must strike a balance hetween their
traditional role of “controlling from above™ and a new one which requires
‘consent’. or at least a more consensual approach.

Continuous improvenient proceeds through a constant stream of alterations
or adaptations in a firm’s production processes, decision-making practices and
organizational methods. Some will have widespread repercusstons and may
require facilitating investments. The vast majority. however. are tiny. costless
modifications and it is their cumulative effect which is tie true source of
competitive strength. It follows that most improvements will not be obvious
to the outsider until they come together in some dramatic and obvious
innovation such as just-in-time manufacturing (JIT).

Practitioners of continuous improvement can also be distinguished in terms
of the great emphasis they place on upgrading workers® skills and abilities. The
standard view of the ‘learning curve’ assumes that a fixed and externally
developed technology is introduced into the firm through investment. Learning
then becomes a rote process as the firm strives to maximize efficiency with the
use of outside technology (see Schramm. 1994). In contrast. continuous
improvement proceeds through a series of endogenous advances that relies on
experimental learning within the firm. This is a creative process which works
best when personnel have a general perspective and understand how their tasks
and responsibilities fit with other undertakings in the plant.

Firms can not pursue the goals of continuous improvement without tinkering
with cach minute part of their production system. In doing so, they may choose
from a wide range of techniques and procedures. Some are used to monitor
manufacturing processes to ensure efficiency and precision; others are in-
tended to improve specific parts of the manufacturing system such as inventory
control or maintenance routines. By making use of these tools, the successtul
user of continuous improvement will progre.is aiong its own technological path
with changes emerging from the very production processes of the firm.

Anexhaustive accountof all the tools and options avalable to the continuous
improvement firm (CIF) is not possible here. In the interest of brevity, we have
chosen to emphasize certain methods and ficlds of application rather than
others. The main considerations which have guided our sclection of subject
matter ¢ the following:

o We focus on the ways technigues of continuous improvement can be
employed on the shop floor, These same methods can also be applied
in other activities. rangine from rescarch and development to the
distribution of finished products.  However, new practitioners will
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generally record the largest and quickest gains by concentrating on
shop-floor applications. Thai emphasis is also cons:stent with orienta-
tion of most firms in developing countries, since the manufacture and
assembly of products overshadcws their involvement in research or
distribution.

¢ Oneof our primary gozls is todemonstrate how a carefully implenented
programme of continuors improvement can yield svbstantial cost
savings and productivity gains while still reducing the rate of product
defects.

¢ Not all techniques of ~ontinuous improvement are equally suitable for
every firm. Some will be most appropnatz: for the beginning practitioner
and it is these which receive the greatest emphasis. Other methods are
best employcd by firms having several years of experience with contin-
uous improvem.nt and are described in less detail.

These lines of emphasis narrow the focus of discussion but the list of topics
‘0 be considered is still a long one. Many deal with particvlar areas for
improvement such as maintenance, plant layout, machinery design, methods of
handling materials, means of sharing information and related matters. Along-
side these specific applications are several more general ones which are
intended to help the firm monitor and control its prcguction sys*~m and the
manufacturing processes waich make up that system. The latier are statistical
in character and are usually the first phase in any programme of continuous
improvement. The statistical principles on which these procedures are based
are cxplained in the following section.

Coping with Variation in Manufacturing Processes

Manufacturers niust constantly deal with a complex set of interactions inv)lv-
ing materials and parts, production processes and technologies, and workers
and mana,cis. No two bits of material are the same, no two machines perform
identically and no two operators are equal in skill, dedication and powers of
concentration. This interaction between materials, machinery and people is
inevitable. But it is also a source of variation which must be brought under
control before a firm can introduce any lasting improvements in its production
system.

One simple example of variation occurs when amanufactured article departs
in some way from pre-determined standards. Another is observed when two
items a¢ manufactured in exactly the same way but turn out somewhat
differenly. Incither case. itis statistical variation that explains the discrepancy
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between the actual and desired outcome. Such deviations occur in all manu-
facturing processes but serious problems arise if the ditference between the
actual and desired outcome is significant. When variation is large or unpredict-
able. the firm’s ability to anticipate future outcomes is undermined. A manager
is no longer able to plar production or to forecast costs and revenues. Equally
damaging is the fact that large or unpredictable amounts of vanation push up
pracduction costs or result in significant customer dissatisfaction.

To illustrate. suppose the manufacturer of a granular product experiences
high and unpredictablc variation. The firm can not predict with any certainty
the average amount of its product which will be available in each container.
Sometimzs this amount exceeds the weight specified on the container label.
while at other times it is lower. Customers will be dissatisfied if they receive
less than the amount stated on the label. To avoid this outcome. the manufac-
turer sets an unnecessarily high limit on the amount of granular matenal that is
dispensed per cuntainer. This correction prevents shortfalls but it also results
in wasteful overfilling and increased costs. By reducing variation. the producer
would be able to lower the fill-weight target and cut costs without risking
customer dissatisfaction.

Savings of this kind can be identified through standard accounting and
financial practices.’ Other benefits are less obvious. however. and may escape
the attention of accountants or firancial analysts. A reduction in statistical
variation can lead to fewer inspections. simplified routines and less time for the
rework of defective items. With these improvements. a firm should be able to
scale back its inventories of work-in-process and take advantage of other
opportunities. Forexample. as the amountof variation in the production system
is reduced, it becomes easier to meet customers” specific requirements or to
raise the quality of a product or service. The resultis a larger number of return
buyers (often bringing new customers). greater sales and astronger competiive
position. Benefits suchas these typically escape the attention of the accountant.

Firms that embark on programmes of continuous improvement begin by
distinguishing between two fundamentally different types of variation:

o Common-cause variation arises from sources common to the entire
system. These disturbances are duce to flaws in the producticn system
and will persist without fundamental improvements in specific produc-
tion processes.

o Special cc uses of variation oceur at isolated times or locations. Unlike
common causes, they affect only certain parts of a production system
and are not necessarily repeated.
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By observing the patiern of statistical variation over a sufficiently long
period of time. we can distinguish between common and special causes. A
manutacturing process that is subject only to common-cause variation is
described as being stable or ‘in control’. In such a case the same level of
variation prevails over time and the proportion of defective outcomes can be
predicted. When both common and special causes are at work, the amount of
variation is not predictable and production processes are unstable or “out of
control’. Importantly. all special causes of variation must be removed before
management turns to the real problems: continuous improvements can not
begin until a process is stable, or in control.

A simple illustration of the two sources of variation is found in Figure 1.1.
Observations for process A show month-to-month changes in labour produc-
tivity. The latest observation is less than the previous one, although it falls
within the boundaries of the historical series. Because these boundaries appear
to be constant over time, we attribute the variation to a common set of causes
within the existing system. The situation is different for process B. Month-to-
month changes are comparatively small but the most recent value lies well
outside the historical pattern. This result implies that process B is unstable.
Managers should be able to identify the reasons (or special causes) for the
unusual deterioration and remove them. However, neither process A nor B
represents an ideal condition. Special causes must be removed before compre-
hensive methads for continuous improvement can begin. All processes and
production systems (including those which are in control) need improvement.

Casual observers tend to attribute unanticipated outcomes to special rather
than common causes. This bias reflects a deeply ingrained belief that mistakes
such as defects, cost-overruns, accidents or poor service result from the poor
performance of individuals or similar unusual events (see Box 1.3). Such
misinterpretations occur when managers are unclear about the statistical
stability of their manufacturing system. In fact, experts believe that more than
90 per cent of all problems and opportunities for improvement are tnherent to
the system (Deming. 1986, p. 315). In other words, variation is typically due
to common rather than special causes but the onlooker often assumes other-
wise.

Organization and Highlights

The following chapter describes the main advantages of continuous improve-
ment for manufacturers in developing countries.  Later chapters deal with
organizational implications for the firm, the implementation of actual proce-
dures and the expericnces of specific companices that have employed these
techniques. Below, we provide a summary of the highlights and main points
discussed in subscquent chapters.
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Figure 1.l Stable and unstable production processes: an illustration
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Applicability for developing countries

Programmes for contir.uous improvement are a familiar part of the manifac-
turing scene in industrialized countries but can they be equally effective for
manufacturers in developing countries? Chapter 2 deals with this question,
advancing several reasons why continuous improvement is particularly suit-
able for use in this part of the world.

The economies of most developing countries are characterized by an
abundance of cheap labour and a relative scarcity of capital. These conditions
are similar to those faced by Japanese manufacturers shortly after the Second
World War. Like many of their counterparts in today's developing countries,
Japanese companies lacked the finances needed to purchase new equipment
and modernize their plants. Engineers and managers quickly recognized that
continuous improvement was an effective and inexpensive way to counter
these drawbacks. Product quality could be improved and costs reduced without
large-scale spending for additional equipment and machinery.

The opportunities which these methods offer in terms of capital savings are
discussed in some detail in Chapter 2. They include: a reduction in the down-
time required for repair and maintenance, a speedier process of machine
changeover so firms can shift quickly from production of one product model
toanother, the possibility of increasing plant capacity without additional capitul
injections, and the option of incorporating new technologies in cxisting
machinery rather than purchasing the latest versions. Striking examples where
firms using continuous improvement have been able to operate more efficiently
than competitors with newer and more sophisticated machinery arc noted.

A second important attribute is the high priority a CIF places on the effective
use of its workforce. More conventional manufacturers — for cxample, those
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Bex 1.3 Biased assertions abeut the cause of defective goods or services

Manay people will instantly assume that lost airline baggage is doe © ‘lazy or
incompetent’ workers, that sn automobile recall is evidence of * shoddy workmanship®,
or that poor restaurant service is the result of ‘rude and surly waiters’. Few passe 0
comsider that the airtine might be spacing flights too closely; that management of the
sotomobile firm might have endorsed a fanlty desiga, accepied the lowest bidder for
pusts, or rushed production in order 0 maximize output. Similarly, waiters may be
overworked azd have little control over critical varisbles which affect the quality of
sexvice (for exampie, the performance of cooks, the quality of food obtaised from
vendors or the work schedule). More generally, *he poor quality of a consumer good
or sexvice is usually attributed to the lax performance of an individual or culturs] “work
ethics’ and the like. The production system and the managers who bear ultimate
responsibility for such a system escape blame.

relying on the principles of mass production — also pay attention to the
performance of the workers. However, they teng to use large amounts of capital
relative to labour and it is natural that they are mainly concemed about
maximizing the efficiency of capital.* The CIF can be distinguished from the
mass manufacturer by its emphasis on improving the efficiency of both capital
and labour with the latter receiving an especially high priority. This orientation
is more compatible with social arnd economic conditions in developing coun-
tries where labour is abundant and unemployment is high.

Other advantages include a greater measure of flexibility and the opportunity
to engage in endogenous forms of improvement. One goal of continuous
improvement is to enabie firms to produce different product mixes in small
batches and still operate profitably. These "economies of flexibility’ can mean
the difference between success and failure for companies in developing
countries where markets are small and subject to erratic shifts. The matter of
endogenous progress is no less important. Most production technologics are
perfected in the industrialized world and therefore reflect the cost structure in
those countrics. The results are not alway's appropriate for use in the developing
countries. Successful implementors of continuous improvement will be able
to generate their own innovations and adapt equipment to suit their own unique
conditions.

Using informal types of production data

Most large companies are organized according to the principles of mass
production. These methods offer significant advantages to the manufacturer
but they also have constraints. Onc is the mass manufacturer’s limited ability
to gather and usc certain types of production information (sce Bés, 1991).
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Every furmn generates large amounts of production information. Some is
quantitative in character and is regularly collected by all manufacturers. large
and small. Other Kinds of production-related data are not so easily compiled
or interpreted. The latter may refer to a relatively complicated situation or
require intimate knowledge of a particular manufacturing process. Such data
1sknown as “informal information’ to distinguish it from the more conventional
sorts of quantitative measures. Informal information is generated during the
daily course of events on the factory floor. [t is derived from the experiences
of production-line workers and pertains to the use of materials. components.
machinery and the manufacturing processes of the firm.

Mass manufacturers have elaborate methods to cellect formal information.
They use this data for several purposes: to monitor the performance of
machinery and workers. to plan production schedules and determine output
strategies or to identify and rectity problems in the manufacturing svstem. The
same firms are less adept at handling informal data. They have difficulty
collecting such information and presenting it to managers in a form which
facilitates decisions. The mass producer’s organizational structure. its hicrar-
chical formof decision-making and the high degree of specializatior itimposes
with regard to job responsibilities and workers™ functions all inhibit the
effective use of informal data. An inability to utilize shop-floor datais asevere
handicap whenever companices seek to improve their products or manufactur-
ing systems. Yet this process of rejuvenation and modemization is not only
essential but must occur with increasing frequency as competition intensifies.
Lacking complete information about conditions on the shop-floor, a
manufacturer’s cfforts to improve performance and efficiency will often go
awry.

A related distinetion between the CIF and the mass producer results from the
way cach firm views the fundamental concepts of time and efficiency. The
mass producer will generally try to achieve greater “cconomies of time” which
means that it secks to produce a given volume of output in a minimum amount
of time. Job responsibilitics, the arrangement of machinery on the factory floor
and the division of lahour between managers and workers are all designed o
accelerate the pace of work. The CIF is also concerned with the use of time but
assigns a high priority to other factors as well. It distinguishes between costs
generated by production-line activities and thosc attributable to manufacturing
overheads (for example, costs associated with inventories, inspection proce-
dures and machine changeover). Studices of large manufacturing establish-
ments have found that the costs of overheads are frequently as much as twice
that of workers on the production line. The CIF is constantly scarching for ways
to reduce these overheads.

The indicators and yardsticks cach type of firm uses to measure efficiency
arc consistent with their differing orientations. Because the mass producer is
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concerned with formal data and optimum use of peoduction time, it relies
heavily on indicators such as estimates of productivity per labeur hour or
machine output per hour. These same measures are important to the CIF but
others are also common. One such measure which is discussed in Chagter 3 is
known as “process-throughput efficiency”. The concept is defined as the
amount of tme inaterials and inputs are actually being worked on. divided by
the total amount of time they spend in the manufacturing system.  Studies
conducted in industriatized countries have found that it 1s not uncommon for
matenals and inputs to be manipulated or worked on as little as 1-2 per cent of
the time spent in the factory. Conversely. the ime which workers must devote
to overhead actuivities is high.

Toois of continuous improvement

A number of technigues for continuous improvement are discussed in Chap-
ter 4. Some are too sophisticated for firms that have just embarked on such a
programme, just as others will be too elemensary for the experienced practition-
er. The appropriate mix will change as a firm gains competence. and between
these two extremes is a wide range of choices where experience and judgement
arc the main guides. Morcover, cach firm will constantly modify and refine the
methods st employs until they suit the user’s specific needs.

One theme which recurs throughout this chapter is the need for careful and
extensive planning before launching each new phase of a programme. Scien-
tific methods of investigation should he employed to identify bottlenecks and
sources of inefticiency or waste.  These routines emphasize the need for
preparatory steps — planning. testing (preferably on a small scale). checking
and verification of results —— hefore new steps in a production process are
permanently altered.  Experienced companies may no longer acknowledge
their reltance on such simple techniques afthough the way they organize
improvement efforts still owes much to their carlier mastery of these principles.

The emphasis placed on simplifying production methods. satisfying custom-
ers” needs and coordinating all aspects of continuous improvement is tlustrat-
ed by some of the techniques outlined in Chapter 4. All manufacturers need
some mechanismto determine their buyers™ preferences. The notionof “quality
deployment” enables firms to stay in touch with their market and tailor their
products to mieet customers” requirements. A system of “policy deployment’
can be setup to ensure that decisions filter down through the ranks and that all
workers understand the reasoning behind these decisions. Theidea ofimprove-
ment teams, the advantages and Jdisadvantages of quality control circles and
systems of “total productive maintenance” are among the other technigues
described in Chapter 4.

All this planning and coordination requires that managers and workers
determine those parts of the manufacturing system which contribute to costs but
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add nothing to the value of the finished product. Some of the techniques
explained in this chapter can be used to identty these problems. Likels sources
of waste and inefficiency are scatiered throughout the tfactory. All o orien,
they are accepted as part of the normal routine. espectally in mass producuon
firms which rely on inspeciion-bound manutactuning svstems.  Evamples
include excessive inventories. variation in production provesses which requires
rework or results in defectives. unnecessary waiting time by workers or
machines. or excessive movements of materials around the plant. These and
other problems are prime targets for improvement procedures.

Monitoring and controlling manufacturing processes

The efforts of a firm to improve its competiive position must be coordinated
to ensure that the mare important problems recetve the most attention and that
all changes are camied out in an effccuve manner. A crucial part of this work
is the statistical analysis described in Chapter 3. The discussion s mmed at
readers with little or no statistical training. The main purpose is to deseribe in
simple terms how these statistical methods are applied and what they should

accomplish.
Statistical process coatrol (SPCH has a role to play in any manutacturing
environment — cven it the firm s not fully commitied to the goals of

continuous improvement.  Unfortnnately. the benefits derived from these
statistical tools will be limieted in such a case. Noatistical methods however
powerful, can take the place of managers who constantly assume responsibility
for making naprovements in their firm’s operations But when used as part ot
adisciplined and sustained programme. SPC can provide managers. engincers
and hine supervisors with the insight and knowledge necessary to mahe
improvements.

SPC offers several advantages which make it particularly attractive to
manufacturers in developing countries. Mostimportant. it provides ameans of
improving productivity and product quality without incurring large additional
expenses for equipment and machinery. Second. manufacturers in industrial-
ized countries are thoroughly familiar with SPC and want their suppliers and
subcontractors o be cqually experienced. When foreign manutacturers setup
plants in developing countries, they expect that local supphiers meet the some
standards. Finally, the firm that adopts SPC has some measure of tlextbility in
the way it employs these tools: the statistical principles are invariant but the
criteria and methods of apphication can be altered 1o suit local conditions and
circumstances.

SPC has an especially important role to play duning the carly stages of
continuous improvement, though its prominence should diminish over nme,
The statistical analysis will supply managers with the information they necd to
climinate special causes of vartation and take the necessary steps to ensure that
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these disturbances do not recur. Once this phase has been completed. common
causes of vanation will have been idennfied and gradually reduced. The
manutacturing system may have been overhauled and products redesigned. but
the aced to monitor cach production process should eventally become
unnccessary. The charts and graphs which were so much in evidence during the
carly stages of continuous improvement can then be dismantled.  Unfortu-
nately. this degree of proficiency is not always achieved. Many firms that
introduce these statistical programmes never sacceed in eliminating common-
cause variation. The statistical apparairs becomes a permanent feature of their
operations. In that capacity. it represents the graphical counterpart of a human
inspector, serving merely as insurance against a loss of control.

One of the main reasons for difficulties during the early stages of continuous
improvement is that senior management are not actively involved in the
programme. This attitude is soon transmitted to the workforce. Many
employcees assume that the charts and production methods are just another form
of work appraisal with the hidden purpose of eliminating jobs or wringing more
from cach employee. Another trequent source of problems is the inability of
the firm to make maximum use of on-site information. This weakness canmean
the firm becomes “stuck” in the early stages of SPC while its better-organized
competitors move on to more sophisticated forms of continuous improvement.

Continuous improvement in action

UNIDO's efforts to promote continuous improvement have produced a large
body of evidence based on the experiences of firms in developing countries and
transition cconomics. Chapter 6draws onthis information. Several of the firms
discussed there were participants in UNIDO-sponsored programmes. In other
instances. the firms themselves intuated these programmes independently. with
UNIDO staft participating as observers.

The companies singled out for attention have very hittle in common aside
from their emphasis on continuous improvement. They are located in different
parts of the world (Africa. Central Europe. Mexico and the Caribbean), they
range from beginners to experienced practitioners. they operate in different
industries and serve a diverse set of customers. This heterogeneity is inten-
tonal; the fact that such a dissimilar group of companies can all benefit from
these methods illustrates the general applicahility of continuous improvement.

One of the points stressed in Chapter 6 is that success is not limited to certain
types of firms or ways of doing husiness. Most of the techniques are simple and
straightforward. while the emiphasis on cooperation and information exchange
has an appeal that is general.  Another is that the higgest savings and
improvements in efficiency are to be found on the shop floor. Furthermore,
these opportunities are not limited to the larger and richer firms. Small or even
tiny firms arc capable of using many of these technigues: in fact, their natural
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cmphasis on teamwork and the closeness of management to production can
give them an advantage over larger nvals.

There are seme qualifications to our thesis that continuous improvement has
a general applicability. Small firms. for example. may not be able to aftord all
the training their workers require. One option is for them to band together and
work closely with local training institutes. Government support will also be
essential. and for this to occur, policy makers must be convinced that continu-
ous improvement holds benefits for a large portion of the manufacturing sector.
Valuable support can also be provided by international organizations, multina-
tionals and other big investors in the country.

Obstacles and opportunities

Several of the more formidable barriers encountered when implementing
programmes of continuous improvement are “internal’ to the firm. inveiving
the attitudes of managers, workers or both. Managers” misconceptions about
contintous tmprovement are the most common source of difficulties. Some
expect near-instant results while others assume that particular procedures such
as statistical process control are synonymous with the overall approach. Firms
that embark on a programme of continuous improvement with these presump-
tions will be disappointed. Another frequent source of ditficulty arises when
senior managers delegate responsibility for improvement programmes (o
subordinates. cither because they do not regard these activities as sufficiently
important or because they lack a comprehensive understanding of the work.

Morz widespread apposition emerges when managers use improvement
programmes as a means of shedding workers. Such an approach 1s common,
although it runs counter to the goals of continuous improvement. Procedures
for sharing information and various forms of cooperation are jeopardized when
concerns about job security are intermingled with efforts to improve produc-
tivity and cfficiency. If possible, any necessary reductions in the workforee
should be distinct from improvement efforts and be completed before the latter
programmes are launched.

Firms in developing countries must either locate competent managers torun
their improvement programmes or find ways to train the necessary people.
Unfortanately. there are few reliable sources of such managerial expertise in
these countries. Statc-owned tirms and family firms are unlikely tramning
grounds. Multinationals can be a useful source of training and experience in
improvement activitics. However, a number of these firms are refuctant io hire
locals and some have even discontinued improvement procedures that are
standard practice at headquarters.

The question of how culture influences managerial style 18 a recurrent one
and eaters into this discussion in a narrow sense. We reject the suggestion that
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continuous improvement is appropriate for some cultures and not others. The
performance of workers and managers is determined by the organizational
environmentin which they work rather than by cultural traits. Managerial style.
however. is a product of the individual's culture and is relevant in this specific
context. The drawbacks of ascriptive and paternalistic managenal styies are
discussed in Chapter 7. Although both approaches are much in evidence in
developing countnes. the same is true in Japan and other Asian economies
where continuous improvement has thrived. Neither of these managenial styles
offers a healthy setting for improvement programmes. but with smail adapta-
tions the contlicts should not be great. In any case. methods of continuous
improvement may be more suitable to certain cultures than are many of the
organizational tools for mass production such as performance appraisals,
management by objective and highly specialized forms of training and work
procedures.

Having examined the main obstacles to improvement programmes, atten-
tion turns to issucs of public policy, education and on-the-job training. Based
on UNIDO's ownexperience, one of the most eftective means of promoting the
widespread dissemination of continuous improvement technologies is to
establish permanent centres for this discipline. If affiliated with a university,
the centre can employ faculty members on a part-time basis and use those
facilities. External funding would be required during the start-up phase
(usually for 2-3 ycars), but the operation should eventually become self-
tinancing as with similar institutions in industrialized countries.

The advantages of a permanent facility are several. Customized courses can
be developed for specific industries and firms which take into account special
needs and local condittons. A more effective balance between theory and
practical application can be realized by relying on universitics or consultants
to provide all training. Faculty in the centre are expected to provide on-site
advice and assistance by helping to impiement and monitor newly introduced
methods of continuous improvement. A fong-term presence is crucial since the
time needed for a firm to become an experienced user of continuous improve-
ment is lengthy. Finally, permanent institutions are able to establish lasting
links with industry and trade associations and with chambers of commerce.
Such links are an effective means of promoting continuous improvement but
are rarely present when other groups — forexample., upiversities or consulting
firms - serve as the main conduit for training and dissemination,

In conclusion, the wdvantages offered hy continuous improvement are
numerous and the costs justified. Manufacturers in developing countries can
benefitimmensely by mastering these techniques. The task s not an casy one,
but with support from policy makers and international institutions. the goal of
widespread clissemination can be achieved.
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NOTES

1. We use the term continuous improvement bec.use it best descritbes the main streagth of this
approach. Other terms used to describe similor methods and princeples of manrufacunng include:
lean manufactuning. total quality managzemeznt world class manutacturing. tleuble manutactaning
and best-practice matufacturing.

Not all countries and regions of the world are scuve panticipants i this investment-driven climate

Certain developing rgions and parts of the aauonal coconomy will fare much better than others.

One indication of the. fact is that the growth of FDI has been accompanicd by a shiftin sectoral

priorities. Investment poing into ser ices and high-techaology manufactuning is destined mainly

for indusirialized countries, w hile in developing countries the emphasis is on hasic manufacturing
and narural resources.

Many multinationals tradinonaliy followed pracuces that discouraged hinks with local supplhicrs.

Prominent examples are the use of different types of transfer-pricing schemes and the creation of

captive subsidianies. These pracuces contiaue today but as issucs of quatity and muprovement

assume greater importance as their popularity wanes.

4. However, such financial and accounting practices can also provide adeceptive picture of the health
of an organization. If standards incorporate high varability . processes are said 1o be “on budget”,
even though there is significant waste More importantly. possible finencia gans due tnincreased
operating efficiency and continuous improsement are often difficult to understand i the context
of standard accounting and fmancial practices and may be overlooked ee Reeve, 1991 pp
403-27).

5. Thepriontics of the mass manufacturer are implicitn the tools 1t ases to evaluate the performance
of cach factor of production. The performar. -¢ of workers is measured by rough-and-reads
indicators such as output per worker hour. In contrast. a wide array of sinancial and accounting
tools are employed in the acquisition and operation of machinery and equipment. Sinularly. if o
manager of one of these firms squanders tme, money or equipment. he will he held accountable.
Yet he will have few means of judging workers™ performance except according to the amount they
produce.
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2. Continuous Improvement
Technologies for Developing
Countries

Are the technologies of continuous improvement well suited for use in
developing countries? We believe they have wide applicability in this part of
the world and outline our reasons here. The chapter begins by describing what
we mean by a technology and then goes on to discuss the advantages that
continuous improvement technologies offer manufacturers in developing
countries.

CONTINUOUS IMPROVEMENT AND OTHER FORMS
OF TECHNOLOGY

In popular terms, technology i1s frequently regarded as being embodied in
various tools, in different types of sophisticated machinery or in complex
products like computers or jet aircraft. Such a description may lead to the
mistaken assumption that new technologies can be purchased *off the shelf’
and then installed in plants. In practice. the acquisition of new technologies
is not that simple. Machinery which has been designed and developed in the
industrialized worid is typically meant to operate under cconomic conditions
which prevail in those countries. The same equipment and procedures could
be inappropriate for usc in many developing countries where a different set
of economic conditions exist. Lacking the necessary know-how and detailed
knowledge, the purchasing firm may be unable to adapt its new equipment to
local conditions.

A second difficulty with the populist view is the tendency to ignore
tecchnologics that are not closely identified with objects or equipment. Broader
definitions exist in the scientific litcrature where both tangible and intangible
forms of innovation and progress are described. Important examples of
intangible technology include: the principles by which a firm is managed,
organized and operated, various methods of developing workers® . kills and
knowledge, and alternative approaches to decision-making. Production gains
or improvements in cfficicncy that are derived from the application of these
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techniques are just as valuable as those attributed to the successful introduction
of modern equipment. These intangibles are legitimate forms of technology
and their effectiveness shou d be judged in relation to other alternatives.'

The distinction between the scientific and popular definitions of the term can
be best illustrated with an example. Toyota's development of the revolutionary
production method known as "Single Minute Exchange of Dies” (SMED)
represented a technological innovation for the automobile industry. In the
popular view. the physical tools which characterize this system might be
regarded as the real technological breakthrough. Such a description would be
misleading. however. since it ignores all the incremental improvements and
advances which made SMED possible. The tools themselves are the outcome
of a process that took vears 1o complete and was driven by technologies of
continuous improvement (seec Box 2.1).

It follows that any assessment of a plant’s technological capacity may be
erroncous if it is based solely on the availability of the most sophisticated types
of capital cquipment. Again, an example drawn from the experience of Tovota
illustrates the danger. In the mid-1980s. the company’'s number 9 Kamigo
engine plant was recognized as the world’s most efficient (Schonberger. 1986,
Chapter 4). Sumrisingly. that plant was equipped with American-made
machir.cry which was 20 years old. Comparable plants in the United States had
much newer and more sophisticated machinery and. by popular definition,
employed more “advanced technology™ than the Toyota plant. Toyota's
superior performance is explained not hy the availability of modern equipment
but by the rigorous application of centinuous improvement technology (CIT).
Managers. maintenance workers and line operators collaborated to improve

Box 2.1 Accelerated machinery changeover: an example of CIT in
action

As Japancse automobile makers grew in size, certsin costs rose exponentially. One
solution was to reduce the changeover times for machinery so that differert models
could be produced efficiently in smaller batches. Single Minute Exchange of Dies
(SMED) is based on the distinction between ‘external’ and *intemal’ set-up activities.
External activities are perform: *d whileamachine isoperating. Forexample, transport-
ing old dies to storage is an ex:emal operation, while mounting the dies is an internal
set-up activity. Methods of continuous improvement wereuscd to convert internal into
external activitics. The configuration of dies had to be al*ered, but SMED did not
require any new machinery. Eventually, manufaciurers cut the time required for die
changeovers from scveral hours to a few minutes. Other benefits were: reduced
inventories, more efficient use of plant space and smoother scheduling with suppliers.
The implementation of just-in-time (JIT) techniques of inventory control depends on
this move (o more flexible forms of production.
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every phase of the preduction line. from the arrangement of machines to
maintenance schedules. elimination of machine dov.n-time and so on. Thus.
it was the use of CIT rather than the effectiveness of physical tools which
determined the plant’s superior performance.

In conclusion, the interpretation of technology we employ extends beyond
tangible tools to encompass intangible forms of innovation and progress.
While the effectiveness of physical tools may cepreciate over time, the
intangibles described here may actually gain in potency. Methods of continu-
ous improvement fall into the latter category. representing a set of options that
can be used in conjunction with (or in place of) other forms of technolcgical
progress. The following section considers some of the major benetits which
continuous improvement offers ianufacturers in developing countries.

ADVANTAGES FOR DEVELOPING COUNTRIES

Most descriptions of continuous improvement have focused on applications in
industrialized countries. However, the important miessage of this chapteris that
similar techniques can be effectively used in developing countrics. The
discussion stresses several characteristics:

¢ The pattern of industrial growth in most developing countries tends to
be capital-intensive. This orientation is questionable. given the abun-
dance of cheap labour in these countries. CITs offer a different set of
options which, if efficiently implemented, can lead to improvements in
labour productivity, products and processes.

e  Various elements of CIT offer opportunities for capital savings that
would not be realized through alternative forms of technical progress.

e CITs allow the manufacturer greater flexibility than most other tech-
nologies. For example, production systems can be readily adapted to
changing cconomic and technical conditions, the product mix can be
quickly altered and the volume of production which is necessary for the
firm to break even is reduced.

e  Continuous improvement is primarily an endogenous form of progress.
Managers and workers of the firm are the driving force for most
improvements. This orientation ensures that the production system is
gradually tailored to suit the firm’s nceds and the local environment.
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The economics of most developing countries are characterized by an abun-
dance of labour and a scarcity of capital. It follows that labour tends to be
relatively cheap while capital is more expensive. CITs place an especially
high priority on the effective use of people, making them more suitable in
these conditivns than other, relatively capital-intensive forms of technologi-
cal progress.’

The expense of sophisticated technologies has not deterred manufacturers
from pursuing this option. There are a number of reasons for their preference.
Acquisition of the most advanced capital equipment is sometimes regarded as
a prerequisite for modernization and expansion. Industrialists may assume this
is the quickest way to boost productivity and ensure that local plants are
competitive in domestic and international markets. They have support from
some eronomists and businessmen who reject development strategies that
advocate more extensive use of labour. The latter group argues that workers’
performan. « can never match state-of-the-art technologies embodied in mod-
emn machinery or that labour is overpriced and unproductive (see Box 2.2).

The industrialist’s bias in favour of capital-intensive methods of production
is occasionally supporied by policy makers. The relative cost advantage of
labour can be undermined by policy decisions which significantly reduce the
price of capital (for example, through direct or indirect subsidies for the
purchase of equipment and machinery). Manufacturers then find it cheaper to
expand or modemize their plants by acquiring very sophisticated forms of
capital equipment rather than using older technologies and hiring additional
workers. In extreme cases, firms will actually purchase new machinery and

Box 2.2 People and mackines: s managerial double standard?

Firms typically employ different standards to evaluate the performance of machinery
andworkers. A wide array of financial and accounting tools are used to helpmanagers
decide which machines to buy ar.d how they should be used. Ifa manager squasn.ders
money or equipment, there are numerous standards by which he is held accountable.
However, the same firms may judge workers’ performance in very crude terms
according to the amount they produce. The successful manager is one who gets ‘more
outof workers’. He may pushemployees to work harder, faster and lunger or use greater
amounts of urskilled, cheap labour. Whatever the case, opportunities for increased
productiv ity are lost when the improvement potential of workers is overlooked. Such
practices are justas wasteful as the poor utilization of capital investment. This explains
why mzny plants including some with the most modern and latest equipment have had
to close their doors.
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release workers — in other words. they “substitute’ capital for labour even
though there is an abundance of the latter.

The literature on this subject is wide-ranging but a majority of analysts are
critical of investment programmes and industrial policies which encourage
extreme forms of capital intensity or the substitution of capital for workers (see,
for example, Colman and Nixson. 1985, pp. 372-91). Some regard the
importation of sophisticated machinery as undesirable because maintenance is
expensive and requires skills that are rarely available locally.* Others note that
such equipment is designed to operate with long production runs which are not
suitable in the small markets of developing countries. A third criticism is that
extensive reliance on advanced forms of capital equipment is neither economi-
cally nor socially desirable in countries where unemployment is high. In such
conditions it is preferable to make maximum use of the more abundant and
cheaper resource (labour) by substituting it for the scarcer, more expensive
resource (capital).

A singular emphasis on capital-intensive forms of modemnization and
growth has obvious drawbacks. CITs can help torectify this imbalance, but are
they a practical alternative for firms in developing countries? There is
empirical evidence to suggest they are. Many developing countries have made
significant strides in raising literacy rates and producing well-trained engineers
and technicians. This pool of skilled and semi-skilled workers can provide the
nucleus for a continuous improvement process. All workers will require
training in CITs, but there is ample evidence to show that even employees with
limited job experience and only a primary education are capable of handling
these methods.*

The manager’s goal in a programme of continuous improvement is to
enhance and capitalize on the skills, experience and creativity of all those
working in the firm.* When information is shared and barriers between job
functions are climinated, analytical tools like SPC can suppiy valuable insights
about the way different parts of the manufacturing operation relate to the whole.
A dedicated workforce can then ensure that improvement is a long-term goal,
leading to reduced costs, greater throughput and higher quality. Improvement
activities are part of the daily routine and entail no ‘opportunity cost’ in the
sense of production losses. Such an orientation stands in contrast to more
traditional methods which presume that increased efficiency is realized by
using people and machines more intensively or by introducing new capital
equipment.

Detailed evidence gathered from the experience of firms in developing
countries is encouraging. Among manufacturers engaged in assembly-type
operations, some of the most significant improvements have been realized
when workers were allowed more responsibility and personal control over the




26 Beyond Quality

work arca. Machinery, tools and materials were rearranged in ways that better
suited the tasks being performed. Operations such as moviny. storing. packing
and unpacking containers and counting items were all streamlined. Modifica-
tions like these led to a much smoother flow of production through the plant.
Other benefits included: less physical exertion, fewer work-related injuries,
greater job satisfaction and lower rates of employee absenteeism and tumover
(see Box 2.3). Nor did managers report problems when implementing some of
the more complex forms of continuous improvement. With training. workers
having only a primary education were sufficiently proficient in data collection,
maintenance of control charts and other aspects of SPC.” Employees often
work~d within teams that began by discussing and analvsing the importance of
variation in manufacturing processes. Afterwards. they were encouraged to
identify and implement process improvements in their respective work areas
(Wilson. 1992).

Improvements achicved by these assembly operators were obviously simple
in scope and made use of inexpensive tools and matenals that would be
available in any developing country. 1he results nevertheless had the predict-
able effect of reducing the use of materials. inventories and work-in-process
and eliminating certain types of rework and repair. Managers reported that in
some cases the improvements were so cost-effective that they were introduced
in other plants located in the United States or Europe.

When attention tums from processing operations to more traditional forms
of manufacturing. the cvidence is less abundant but no less encouraging.
Manufacturers in Zimbabwe have employed methods of continuous improve-
ment to improve productivity and eliminate defects. Similar results are
reported for various industries in other developing countries. They include:
electronics-related manufacturers in India (Kaplinsky, 1993. pp. 19-26).

Box 2.3 Employee responsibilities and employee turnover

Rates of employee turnover are a chronic problem in the assembly and manufacturing
industries of many developing countries, often running as high as five to ten per cent
per month. Ironically, managers who regard high rates of employee tumover as
inevitable are often the first to introduce measures which perpetuate the problem. They
devise very simple and repetitive tasks for entry-level workers which require notraining
or previous experience. New employees are then hired off the street and given no
responsibilities except to follow instructions. Much lower rates of employee tumover
are reported by firms that train their entry-level employees and allow them a degree of
responsibility. The latter employees leam more about their jobs and can contribute to
a programme of continuous improvement.
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metalworking plants in Brazil (Ruas, 1993, pp. 27-33), Brazilian automobile
and electronics plants (Bés, 1991), the Braziiian footwear industry (Ruas, 1989
and Piccinini, 1990) and automobile manufacturers in Mexico (Ramirez, 1993,
pp- 58-64). The precise nature of the improvements varies from one industry
to the next but the overall gains are nevertheless impressive.

Opportunities for Capital Savings

Firms that successfully implement CITs should find that their capital require-
ments are less than would otherwise be the case. These savings may be partially
offset by additional spending in other areas but the net benefits could still be
significant® Important examples of capital-saving opportunities include:

¢ Aionger and more productive life for existing machinery, coupled with
improved performance due to less down-time for repair and mainte-
nance.

¢  The possibility of increasing plant capacity without additional capital
infusions.

e  More extensive reliance on used rather than new capital equipment.

The productive life and performance of capital can be extended in two ways.
One method, which is discussed in some detail in Chapter 4, is known as total
productive maintenance (TPM). Because TPM assigns primary responsibility
for maintenance to machine operators rather than specialized workers, itcan be
carried out on a continuous basis. While operators must be trained, the benefits
of TPM are fewer equipment failures and reduced miachine down-time for
repairs.’ Ideally, a piece of equipment should perform as well or better near the
end of its productive life than when it was first purchased (Rodriguez, 1992,
pp. 152-53).

Continual adaptation and modification of existing machinery are other ways
to extend its productive life. A smoother and more efficient flow of work
through the plant can often be attained by altering the layout and usage of
machinery. Such moves require that the machinery itself be modified. Over
time, further modifications are made to accommodate new conditions and
operating circumstances. The eventual result should be a distinctive combina-
tion of equipment and machinery that is especially suited to the firm’s
requirements. Once this point is reached, the machinery is much like some form
of proprietary technology which can provide a competitive edge over rivals.
B-cause the modifications are usually simple and inexpensive, this method can
be more attractive than outright purchase of expensive new equipment.
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The impact of TPM and various methods for equipment modification can
be inferred from patterns of capital spending in different parts of the world. In
Japan, where preventive maintenance and CITs have a long history, about 60
per cent of all capital expenditures are to upgrade the capabilities of existing
equipment and manufacturing processes. Meanwhile, innumerable modifica-
tions of equipment have culminated in the development of various “mistake-
proof” devices that are crucial to the efficiency of Japanese plants (Shingo,
1986). The expenditure pattern in the United States is quite different, in part
because TPM and programmes for equipment modification have only recent-
ly become accepted practice. The bulk of capital spending among firms in
that country has gone into additional capacity or replacement of existing
niachinery (Hayes, Wheelwright and Clark, 1988).

The second possibility. that CITs can increase a firm’s production capacity
-vithout additional capital infusions. has been argued by Cole, Mogab and
Sanders (1992). To illustrate, assume that two firms have the same cost
structure and produce two products which consumers regard as being about the
same. Both ha.e been using methods of mass production with long production
runs, butone (firm "A’) begins to incorporate CITs. Incremental improvements
hecome part of the firm’s day-to-day operations. Managers. engineers and
operators work together to determine ways of reducing variation within the
production system. Soon, activities which do not add value to the product can
be eliminated. The costs associated with inventories, storage, inspection,
rework and scrap all begin to fall. Eventually. firm A’s output capability is
enlarged although the same amounts of resources, machinery, labour, materials
and cnergy are being used. It not only enjoys lower unit costs than firm B, but
now has the capacity to satisfy any extra demand realized through improve-
ments in product quality and/or lower prices.

A third potential source of capital savings is the ability to make efficient use
of machinery and capital cquipment which is not state-of-the-art. This option
has its critics. Decisions about technologies and equipment are often made by
a firm’s engincering and technical staff who foliow the latest innovations and
understandably favour ‘cutting-edge’ technologies. Much stronger objections
arc voiced by a small group of industrialists and analysts. Some suspect that
supplicrs of used cquipment are intent on ridding themselves of unwanted and
ohsolete machinery. Others fear that extensive reliance on used equipment will
prolong astate of technological backwardness. Critics go onto argue that firms
relying on used equipment have no access to support services (for example,
training, warrantics, repair and maintenance) and may not be able to manufac-
ture products which meet high standards for performance and quality (sce Box
2.4). Government officials who subscribe to any of these views will frequently
advocate policies to discourage the purchase or importation of used machincry.
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Concemns such as these are valid in certain instances. but every decision to
exclude all but the latest generation of technology and equipment should be
justifiable on economic grounds. Instead. they are often based on coasider-
ations that are not purely economic. Nor do critics take into account the role
of continuous improvement. The example of Tovota’s Kamigo plant illustrates
that methods of maintenance and operation can be a more important determi-
nant of competitive abilities than the technolagy which the equipment embod-
ies. Through a long-term process of incremental improvement, the workforce
redesigned the physical plant so that it served the firm’s needs better than the
newer equipment in competitors” factories.

Aside from the technological issues involved. most analysts agree that older
equipment has certain practical disadvantages: it requires frequent mainte-
nance and generally has a shorter productive life than newer versions. How-
ever, firms that employ ClTs are better able to cope with these problems than
their competitors. First, maintenance operations are part of the dailv routine.
Responsibilities are assigned in a way which limits the costs of maintenance
while extending the lifetime of equipment. Second. a “hands-on’ approach to
maintenance provides workers many opportunities to learn about the equip-
ment and its mechanical processes. That knowledge feeds back into the
improvement programme, paying dividends over the longer term. Third, ‘post-
acquisition” alterations are relatively easy since the latest technological inno-
vations are not alrcady enginecred into the equipment (James. 1974)."°

Box 2.4 Is second-hand equipment an efficient option?

The issue of whether to purchase second-hand or modsrn equipment can only be
resolved on a case-by-case basis. First, critics who argue that the use of yesterday's
technologies will jeopardize product quality are sometimes correct. Yetthere isavast
range of products which can be profitably manufactured with less sophisticated
technologies. Inthe latter case efficient maintenance practices can beamore important
determinant of a plant’s performance than the vintage of its equipment. Second, new
equipment often comes with guarantees and a package of services not offered to
purchasers of used equipment, but that practice has drawbacks as well as advantages.
Thebuyer of new equipment pays for these services in one way or another and may then
be Jocked into a dependent relationship with the vendor. Finally, there is no data to
suggest that second-hand equipment is being ‘unloaded’ on developing countries,
Evidence from the United States shows that all but a small fraction of used equipment
which changed hands was sold inside the country (James, 1974, p. 134). Supporting
evidence comes from a survey of over 100 foreign subsidiaries operating in Mexico.
Many used equipment which was older than that found in plants located at the
headquarters. When the capital vintage differed, it was the Mexican plants that
generally had higher levels of productivity and quality (Wilson, 1992).
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In our opinion, arguments favouring the use of machinery which is not
state-of-the-art can be persuasive. Unfortunately. the bulk of experience with
this option has been accumulated by firms that made no use of CITs. A very
large proportion are assembly-type operations which have combined the
cheap labour of developing countries with older, mature technologies. Their
competitive abilities depend mainly on low-paid workers who perform simple,
routine tasks. Most these assembly plants follow the classic principles of
mass production: their systems are geared to minimize costs for a given
product and process and their investment in the local economy is modest.
Such factories are described as “footloose” operations: when wages rise (for
whatever reason), the firms simply relocate to another low-wage country.

Not surprisingly, the outcome has been criticized as failing to promote
broad-based growth and self-sustaining development (sce Sklair, 1990). This
experience has shaped most opinions about the use of second-hand equipment.
However. the footloose firms we describe here have a very tenuous relationship
with the host economy. Cheap labour is their only source of competitive
strength and when that advantage is eroded they relocate. This relationship is
in marked contrast to that of firms making use of CITs. The latter will
necessarily have astrong commitment to training and development of workers”
skills. Those talents are used to make existing technologies “more dynamic’
and to adapt them to suit the local environment. Soon. competitive advantage
depends not on low wages but on the in-house skills the firms have nurtured.
Companies that apply the methods of continuous improvement therefore have
an anchor in the local economy and will not willingly move elsewhere when
wages begin to rise."

Flexibility in Developing Markets

Because continuous improvement depends on a process of constant change. it
provides a degree of flexibility that other technological alternatives lack. This
flexibility can be achieved in various ways.

First, the firm requires that managers and workers gain experience in awider
range of functions than would be true for manufacturers organized to produce
in a mass-production mode. Because the workforce acquires a good under-
standing of most manufacturing processes. people are hetter able to respond to
unforeseen problems and can make an effective contribution to the programimes
of improvement.  Sccond, the layout of the production line is designed to
minimize the time needed to alter the product mix or adjust the fevel of output.
Machines arc arranged and operated 1in ways that maximize throughput and
keep idle time to a minimum.  Third, costs are reduced by systematically
monitoring all activitics and climinating those that do not add value to the
product. The firm constantly strives to cut hack and eliminate inventorics.
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storage areas. rework. repair and inspection. Similar efforts arc madz to avoid
waste and duplication. All such activities lead to lower production costs per
unit of product.

Programmes such as these have several goals. all of which will lead to greater
flexibility of the firm. One is obviously to reduce costs. Another is to create
a “leaner’ or simpler form of production by climinating those steps or opera-
tions which limit the firm’s ability to respond quickly to new conditions. A third
way of achieving greater flexibility is the rapid changeover from one config-
uration of machines and workers to another. Different product mixes require
different combinations of machinery and workers. Through the use of CITs. the
firm can produce various mixes of products in smaller batches and still operate
profitably.’* This phenomenon has been termed the “economies of flexibility”
(Cole. Mogab and 3anders, 1992). Though other technological alternatives
also claim to provide greater flexibility. these options are quite ditfercent from
those offered by continuous improvement (see Box 2.5).

Greater flexibility enables the firm to avoid some pitfalls encountered by
manufacturers operating according to the principles of mass production. That
method assumes an entirely different economic environment which can absorb
high volumes of throughput and long production runs. Such conditions are
necessary in order to drive down unit costs and attain the scale cconomies
needed for efficient operation.  Unfortunately. markets in many developing
countries are too small to absorb these large volumes of output.

Manufacturers employing methods of continuous improvement shouid have
a wider range of economically viable options from which to choose. They are
better abic to tailor their production mix and output levels to changing

Box 2.5 Contrasting forms of flexibility in manufacturing

Many writers refer to flexible forms of manufacturing in terms similar to those used to
describe CIT. Others associate the term with the idea of a ‘flexible manufacturing
system’ (FMS) which is operated by numerically-controlled machine tools that work
under the guidance of central computers. There is some evidence to suggest that FMS
is not as flexible as expected, unless it is combined with other techniques such as
continuous improvement. For example, a comparative study of FMS operations inthe
United States and Japan reports an ‘astonishing lack of flexibility” among the former
firms. Inthe United Sta*es the average number of parts made by FMS was 10 compared
to 93 in Japan. American firms apparently used FMS to produce a few parts in large
volumes rather than making a variety of parts at low unit costs. This difference in
approach is attributed to the more extensive Japanese experience with the manufactur-
ing processes, their emphasis on organizational leaming and similar attributes of
continuous improvement (Jaikumar, 1986).
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conditions in the local market. In its most advanced form. the use of CITs will
combine the specialist advantages of small-job shops with the scale advantages
of high-volume production (Best, 1990).

Endogenous Improvement and Cultural Adaptation

Firms that successtully implement CITs will generate their own innovations
and improvements. Managers may borrow promising ideas and techniques
from elsewhere but these are soon assimilated and adapted to the firm's
particular circumstances. Progress depends mainly on the cffort and creativity
of managers and workers. The local cu'ture, working through the atiitudes,
decisions and customs of the employees, exerts a strong influence on the firm’s
overall pattern of innovation and technical progress.

The precise role played by cultural forces is impossible to identify when
attention focuses on individual firms or industries. More can be said if we
adopt a much broader perspective. The system of mass production. for
example, was developed and perfected to serve the growing markets of
industrialized countries. Key features of that system include: extensive forms
of specialization. well-defined types of hierarchical management. an emphasis
on company -wide planning. performance incentives and competition between
indiviauals. These practices have been effective because they depend on a set
of values and behavioural norms with deep cultural and historical roots in the
mdustrialized world.

Methods of continuous improvement are clearly based on a different set of
principles and values, where cooperation and coordination are at least as
important as competition between individuals and the company’s chain of
command. In fact, many of the values and behavioural norms that are an
integral part of the mass production system could be superfluous to a firm which
opts for CITs (see Box 2.6). Developing countries with value systems that are
in no way compatible with the principles of mass production could turn cultural
biases to their advantage by considering alternative ways to organize produc-
tion, "

The role of culture may also explain some of the problems western managers
have experienced in implementing CITs. Most of the tools and technologies on
which this approach depends are meant to he used in a general, system-wide
context. Instead, managers sometimes employ techniques such as SPC to
resolve very specific issues -— for example, to analysc ciements of a particular
manufacturing process or to find a short-tenin solution to a problem. Applica-
tions such as these reflect the prevalent western belief that by perfecting
individual picces, the whole can be made perfec.. Such an orientation is
implicit in the organization of many mass production firms. Departments,
machines, workers and managers are dedicated to specific and specialized
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Bex 2.6 The suitsbility of quality programmes in different cultures

Expatriaste managers have reported that implementation of CIT is often easier to
sccomplish in s developing country than a2 home. One reasor is that local engineers
and workers have no expericnce with other methods of organizing production and will
accept CIT without reservations. Another is that labour unions in some industrialized
countries will frequently depict programmes for quality and improvement in ancgative
way, fearing that layoffs will result. This interpretation can be reflected in workers’
attitudes. Third, many workers in developing countrics are comfortable with systems
CIT capitalizes on these values by its emphasis on cooperation and coordination
between groups of people.

Western managers sometimes find the accompanying forms of behaviour (for
example, the avoidance of individual recognition apart from the group) irrational but
their assessment tends to overlook basic cultural realities. Workers inmany developing
countrics rarely find anything strange about the absence of individuat ratings and
rewards that are so common in firms organized according to the principles of mass
production. That attitude seems to be supported by statistical evidence. Such ratings
can be arbitrary and will often be met or exceeded due to chance. Even when itcan be
statistically demonstrated that one person’s performance is superior to others, invidious
recognition can actually dampen overall improvement (Aguayo, 1990).

tasks; if each part of the firm operates efficiently, the organization as a whole
is expected to function smoothly.

A more holistic point of view can be found in Japan where the entirety of the
enterpris~ tends to be seen as qualitatively different from the sum of its
individual parts (Yoshida. 1989). In other words, the competency of individual
components does not ensure that the enterprise will thrive. Bascd on observa-
tions such as these, analysts have hypothesized that one reason for the success
of programmes of continuous improvement in Japan may be that the commit-
ment to mass production is not so deeply entrenched as elsewhere (Matsushita,
1988). The fact that these attitudes are similar to those displayed in many
developing countries suggests that the same methods could also be suitable
there.

NOTES

I. Hibbard and Hosticka (1982) state this view succinctly when they note that the common
organizational forin of a pyramidal bureaucracy is as much a technology as the word-processors,
miccocomputers, filing systems and calculators that are so essential to the work of the crganization.

2. For other evidznce citing similar results, see Shingo (1986).
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Firms that successfully implement CIT regard people rather than machinery as the main source of
innovation and improvement. Toyota’s Director of Production Control has argued that “too much
automation can backfire ... If it’s too complicated, warkers are intimidated™. Ultimatelv, evena
flexible automated system will be of less significance than a dedicated workfurce which
continualiy improves quality through suggestions and study (Jagawa. quoted in Miller. Woodruff
and Peterson, 1992, p. 37).

Sellers of advanced equipment sometimes lock buyers into an expensive package of maintenance
and repair services. Contracts stipulate that only trained technicians employed by the vendor will
be allowed to work on machinery. Any upgrading or modifications must also be performed by the
vendor’s technicians. Such a package of services diminishes the possibilities of “hands-on’
learning by workers and engineers ir the buyer firm.

There is agrowing body of literature which demonstrates that workers indeveloping countries with
low levels of skill and education can be trained to use CIT cfficiently. For a discussion of such
practices in metal manufacturing enterprises in Zimhabwe, see Posthuma (1993): in electronics
manufacturing in Tanzania see UNIDO (1993): in Indian auto components manufacturing and
electrical products manufacturing. see Kaplinsky (1993) and for manufacturing enterprises in

Brazil, see Fleury (1993).
The following is a typical view of management in the continuous improvement firm: "Matsushita
makes people before making products ... OFf all the resources that are necessary to run a

corposation, I believe that the human factor is the mostimportant. i is no exaggeration to say that
the quality of a company is determined by the people who staff it. No matter how well organized
it may look on paper or no matter how advanced its management techniques are. a corporation will
not prosper unless its managers and emplovees can effectively use the organization or techniques.
The same is true of capital, plant and equipment, or materials.” (Konosuke Matsushita, in UNIDO,
1993. p. 41).

Curiously, the interest in training programmes for quality and improvement tends to be higher
among production-line workers in developing countrics than managers. Managers often resist the
introduction of new techniques and organization methods (Posthuma, 1993; Fleury and Humphrey,
1992; Wilson, 1992). In some cases the “quality’ programmes they implement are really meant
toincrease the intensity or pace of work without putting in place asustained system of improvement
(Franzoi and Rov'igues, 1993; Ruas, 1993).

CIT s not expensive in terms of i capital requirements but it requires proper training in key arcas
such as process and product improvement, cost and design.  These investments can yield
substantial returns and should be seen as akin to outlays for new cquipment rather than as asunken
cost or expense. Ironically. many firms that would not consider cost savings via reduction in
machine maintenance will readily cut worker and management training.

TPM also stretches the time hetween repairs and therefore reduces the firm’s outlays for
replacement parts.

. Many workers and engincers in developing countrics may be more skilled in these activities than

their counterparts in industrialized countries. They have considerable experience keeping old
machines running despite a shortage of parts and little money. The urban informal sector in most
developing countries includes large numbers of small-scale maintenance and repair shops, all of
them employing informally-trained or scif-taught mechanics. An impressive variety of inpova-
tive activity occurs in these shops, even in the poorest of surroundings. Such creativeness would
be invaluable in a disciplined programme of TPM and can be used to maingain and adapt older
machinery.

. The scenario we describe is reminiscent of circumstances in Japan in the carly 1950s. Manufac-

turing atthat time relicd on cheap labour and used capital sparingly. The many firms that embraced
guality control and the early elements of CIT Jid not relocate when wages later began to rise tsee
Deming. 1986). In fact. very few set up any overseas operations until they haa hecome huge
corporations which were converted into multinationals.

. The ability to maintain product quality and controf costs, yet produce in small hatches rather than

long production runs, should he an extremely profitable accomplishment for small and medivm-
sized firms, It is these companices that serve as subcontractors, assemblers and supphiers for the
large national and multinational firms operating i developing countrics. The market represented
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by these large companices is not being exploited by small and medium-sized firms. In Mexico, for
example, the large manufacturers and exporters in the maquiladora sector buy less than five per
cent of their inputs from Mexican suppliers. Many managers would prefer local sources of supply
butcan not because of problems with quality and availability (see Wilson, 1992). Similar findings
are reported in Brazil (Bos, 1991).

13. The role played by culture in the process of economic development has been of considerable
interest to economists. Some have argued that certain cultures found in the developing world
embrace value systems which would be imimical to a process of industrialization based on the
principles of mass production (Myrdal, 1968).
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3. Organizational Structures and
Information Flows

Most large manufacturers throughout the world have organized themselves to
operate according to the principles of mass production. All such firms aim to
minimize their costs through long production runs which can be sold in big or
rapidly expanding consumer markets. Other distinguishing characteristics
include: heavy investments in plant and equipment (which imply high fixed
costs), production of a limited number of product versions or models to avoid
frequent changeover in machinery and production lines, highly specialized job
assignments and a hierarchical structure that divides the company into several
discrete divisions or departments. Using principles such as these, the modern-
day version of a mass manufacturer has attained a size and scale of production
which far exceeds that of its predecessors.

The producticn capabilities of these firms have increased many fold, though
their organizational and structural characteristics have changed very little
(Best, 1990). Atthe same time, drastic changes in the global marketplace have
created new challenges for mass producers everywhere. Some of these
developments were noted in Chapter | but two deserve special mention here.
First, firms now operate in a more competitive and uncertain environment than
ever before. Second, manufacturers are under incessant pressure to ensure that
their products and processes mect new, and usually higher standards. The
forces creating these changes originate from several different sources. They
include: more discriminating customers, more flexible competitors, more
stringent regulations and more influential interest groups. No company,
however powerful, can ignore their significance.

Circumstances such as these place a premium on a firrn’s ability to identify
new directions of change and to respond swiftly. Managers of mass production
firms are acutely aware of the challenges they face. Mergers and acquisitions,
rationalization of capacity, massive layoffs and countless other corporate
strategies are all part of their response. Nor have they hesitated to ‘borrow’
production methods and new techniques from competitors and firms in other
industries. The search for a winning combination of products and production
processes is wide-ranging, but all too frequently the results have been disap-
pointing.

37
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Recipes for success in today s more competitive environment defy generali-
zation. although a few common themes can be identified. One of these, the use
of production-related information, is discussed here. This subject is important
for two reasons. First. firms must have a complete and comprehensive view of
how their production systems function before they can respond effectively to
competitive threats or otherwise improve their existing operation. Manufac-
turers that lack the necessary production information are unlikely to choose an
appropriate course of actton. Second, the route by which information moves
through an organization reveals a great deal about how the firm works.
Information tends to move along the path of least reststance and its course will
disclose decision-making channels that do not appear on any organizational
chart.

Manufacturing enterprises generate vast amounts of produciion-specific
data. Much of this is quantitative in character and is obtained through the sort
of routine measurement exercises that are carried out by virtually all firms.
Another type of production information is informal in character and is pos-
sessed by on-site workers. Such data is generated during the daily course of
events on the factory floor. It deals with various kinds of probiems and
experiences relating to the use of materials. machinery and other production-
line operations. Casual observers may assume that this informal information
is of minor significance but in reality it is an essential input if the firm is to
realize the costless and highly effective types of improvement described in
Chapters | and 2.

By focusing on the ways production information is collected and used. we
can highlight differences in organizational form. At one extreme is the
‘continuous improvement firm’ (CIF) which attaches grear ' mportance to both
informai and quantitative sources of inforination. At the cther is the mass
production firm where greater emphasis is placed on more formal, quantitative
types of data. In practice. the differences between these two organizational
entities may not be as great as the following discussion implies; the sharp
contrasts we draw are partly for expository purposes.

The discussion begins by examining how production information moves
through a firm organized to operate according t¢ methods of mass production.
Attention then tarns to information flows in an enterprise dedicated to contin-
vous improvement. Our purpose is to demonstrate how each firm makes use
of available data to improve its production processes. Animportant Cistinction
between the two firms' approaches is in their interpretation of cfficiency and
processtime. This subject is discussed in the concluding section of the chapter.
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INFORMATION FLOWS IN MASS PRODUCTION FIRMS

Procedures for gathering aad processing production information are deter-
mined in part by the degree of specialization which the mass production firm
imposes (sce Bos, 1991). Such specialization has its roots in early twentieth-
century ideas about ‘scientific management’ and can be observed in the way
managers and workers are deploved.

The large number of detailed jcb descriptions which exist in mass production
firms underlines the narrow range of functions and responsibilities assigned to
people.' Several highly specialized managers will typically supervise a greater
number of skilled and semi-skilled workers, with each of these groups perform-
ing different functions in differe~t departments. Matters relating to quality are
not spared in the drive to specialize. The mass production firm will ustally
include a separate departmeni for quality control and quality assurance.
Unfortunately, these departments are frequently just another area of specializa-
tion to which top managers delegate the critical responsibility for improvement.

The skilis developed by managers depend mainly on the experience gained
intheirrespective fields. Many have served in only one department during their
career and this background lends a certain bias to their views of the firm’s
operation.? Similar comments apply to those at lower levels in the organization.
They carry out fairly specialized assignments and their attention focuses on the
immediate requirements of their job and department. In brief, the system
creates a workforce of specialists who are more concerned with their own
agendarather than with the needs of customers, fellow employees or the overall
firm (Stahl and Bounds, 1991, p. 11). The result is likely to be an excessive
degree of competition and rivalry between departments, frustrating attempts to
shar. information or collaborate on programmes for improvement.

The firm’s incentive systems and criteria for judging the performance of
people reinforce this pattern of specialization. Managers and their subordinates
are all under pressure to meet specific goals for their department, work shift or
some other organizational group. Under such conditions, people will gain little
by sharing information or ideas with others. Each departmental entity comes
toresemble an ‘organizational silo’ which resists the cross-departmental flows
of information and ideas that could increase customer value. Not surprisingly,
a paradoxical situation can arise where the achievement of departmental goals
actually contributes to overall customer dissatisfaction or adecline in the firm's
market share (see Box 3.1).

Similar priorities apply with regard to the collection, processing and use of
production-related data. Mass production firms generally have sophisticated
systems for this purpose. Much of the information is collected by workers at
assembly lines, loading docks or inventory warchouses. After analysis and
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Box 3.1 Is management by objective an effective appreach?

The premise for management by objective (MBO) is simple: crestive masagers and
workers are expected to perform more effectively if confronted with an sppropriste
mixture of incentives and deterrents. The drawback is that in firms where employees
speciality while ignoring the interests of other departments or the firm as a whole. Is
such circumstances the achievement of most goals or objectives could acteally lead %0
a deterioration in overall performance. For instance, the sales department may mezt its
higher target only to find out that the production can not be delivered. Similarly, 2
production department may increase output but release more defective items in order
to meet its new quota. Purchasing departments can slash costs by pitting one supplier
against others or by accepting the lowest bid from an unknown vendor. A danger is that
materials are of questionable quality or are not delivered on time. Despite results such
asthese, employees and departments that meet or exceed their objectives will be landed,
even though the firm and its customers are not well served.

processing by specialists. it is transferred through various functional levels of
the firm to the higher echelons of management. Eventually, the data is used to
devclop production plans, determine directives and set standards which then
filter back down through the hierarchy to the production site. This circular flow
of information through the firm reflects a clear distinction between the tasks of
thinking and doing or the ‘brains” and the “hands’ of the organization (Florida
and Kenney. 1990, p.12). Very simply stated, managers are paid to think and
plan while workers are paid to perform the tasks necessary to carry out the
plans.

Well-run systems of this type can efficiently handle quantitative data but are
less effective when the information is informal in character. The mass
producer’s limited ability to process the latter sort of information can be
attributed to several factors:

. Decision makers are often ill-equipped to evaluate informal informa-
tion.

. L.ong periods of time may clapse before data is translated into an action
or decision. Such delays are not practical in the case of informal data

since its usefulness decays rapidly.

. The principles which govern operation of traditional information sys-
tems tend to discourage the collection and sharing of informal data.

. Informal data docs not travel well within mass production firms.
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Failures such as these mean that many opportunities to introduce improvements
in products or processes are squandered. Below, we look at each of these
characteristics in more detail.

Top managers are primarily interested in measurable results that refer to the
firm as a whole. Their subordinates are expected to resolve problems on the
shop floor and to deal with informal types of information relating to production
sites. Because few executives have any experience working on the production
line, informal information may have little meaning for them. Their difficulties
are compounded by the fact that the workers having the greatest knowledge in
this area are excluded from the decision-making process. The result is that
much valuable information never reaches the upper echelons of management.
When such information does land on managers’ desks, it is usually at a time of
crisis — for example, when a shipment of defective items is supplied to a
customer or an expensive piece of machinery breaks down. The crisis will be
quickly resolved but little thought may be given to the underlying reasons for
its occurrence.

The effectiveness of informal iaformation is further impaired by the time lag
between collection at the work site and corrective action by managers. Whether
information concerns cefects, customers’ orders or design and engineering
problems, itmust first travel up through the organizational hierarchy toaremote
decision-making centre. Even if the information is promptly transferred, top
managers may make no decisions until they begin the next round of planning.
Valuable time for making corrections and improvements is lost in either case.
New office technologies can speed the physical transmission of data but the
fundamental problem is not resolved. Simply stated, the value of site-specific
informatinn decays rapidly as it movcs up and down the organizational ladder.

Yet another problem is that many information systems implicitly assign a
low priority to informal sources. A tacit assumption is that direct labour has
little to offer besides the performance of its defined job. The implication is not
lost on workers who recognize that they are not paid to think or improve the
process. Some simply assume a role which confirms common managerial
stereotypes about careless or shoddy methods. Many will be aware that they
incur risks when they make suggestions or identify problems on the shop floor.
Fear of an argument or even persona! blame often prevents the worker from
speaking up, even if there is strong evidence to support his suggestion (see
Walton, 1989, p.71). Other reasons for reticence include: fear of the conse-
quences if a proposal is tried and fails, concern about job security and the
prospects for promotion, or the tacit assumption that management is already
aware of the problem.’

Finaily, informal data does not travel well within traditional information
systems. Quantitative measures such as counts of defects, volume of rework
or product throughput can be easily transferred from the work site o the
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manager s desk but such data does not present a complete picture. Informal
information referring to a particular situation or work site can be difficult to
communicate to persons who are far removed from the shop floor. Successful
information transfers between workers and line supervisors or foremen are
possible but they rarely extend to higher levels (see Box 3.2). If top managers
receive such data at all. it is secoend-hand and largely out of context.

As competition has intensified. managers have recognized some of these
weaknesses and sought to address them. Their responses are sometimes very
ambiiious. Many large firms have eliminated whole lavers of middle manage-
ment, undertaking drastic forms of restructuring or withdrawing from certain
product markets. In such instances the desire to improve methods of gathering
and interpreting information are part of a much larger agenda.* Some managers
opt for more pragmatic solutions, frequently choosing to focus on improve-
ments in their information systems. Popular examples include: efforts to
capture and utilize informal information more effectively, programmes to
eliminate functional barriers that slow the firm's rate of improvement or
attempts to encourage the flow of information and ideas across departmental
boundaries. In brief, improvements in the information system may be part of
a larger set of remedial actions or they may represent a primary goal in more
modest attempts to boost competitiveness. Below we consider three of the
latter options in order to learn a bit more about the mass producer’s ability to
modify its information-gathering process. They include:

. the creation of quality control circles;

Box 3.2 Ad hoc systems to handle informal information

Despite a lack of encouragement, a few workers informally porsus their idess for
improvements without managerial support or interference. A drawback is that these
activities are not built into the system and are usually vorecorded. When & key
employee leaves the firm, his replacement may lack the experience, contacts or
personality to contimue the operation. Ad hoc methods of information exchangs can
also be undercut by s new manager who discovers ansuthorized improvements and
decides to retum operations to their original state. Decision makevs i mass production
firms may obtain informal information through means such as these but the system’s
success depends on the strength of personality and the dogged persistence of individwl
workers, rather than any formal and open chaune! of shared imformation.
Mobmhwmﬁnmiuﬂommdndunmddnmumbmhof
the pride of workmanship (Deming, 1926).
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e efforts to develop informal channels of communication within the firm;
and

e programmes to encourage the flow of information from workers to
managers.

Inspired by the success of Japanese firms, manufacturers in other industri-
alized countries have embraced the idea of the "quality control circle’ (QCC).
These groups are composed of representatives from different departments who
are expected to share their ideas and discuss methods to improve quality and
efficiency. Some quality circles have achieved good results, though others have
not lived up to expectations (Bradley and Hill, 1987). Many reasons have been
suggested for the poor performance of these group- (sce Hill, 1991).

One recurrent explanation for these failures is that the organizational
structure of mass production firms limits the QCC's effectiveness. Firms that
perfected this method were already organized along lines that assigned a high
priority to collaborative work on improvements. Those geared to produce
according to methods of mass production rarely provide the types of incentives
that would bolster the work of quality groups.® As a result, participation in a
QCC isanassignment in addition to usual job responsibilities. The role played
by middle managers can be particularly awkward. They are charged with
overseceing these groups but have no authority to implement any changes the
QCC proposes. The effectiveness of quality circles can be further diminished
because recommendations cut across departmental boundaries or exceed the
group’s narrowly-defined mandate. Finally, the active interest of top managers
tends to be short-lived, declining rapidly after an initial burst of enthusiasm
(Hill, 1991, p. 549).

A different approach is to establish more direct communication between
managers and workers. Often. a method known as *management by walking
around’ is used for this purpose. Managers seck to learn more about the current
situation by leaving their offices and talki-.g with experienced workers on the
shop floor. Based on these discussions, they may make suggestions or initiate
changes in manufacturing processes. The tactic can backfire if it reveals just
how disconnected from day-to-day operations managers really are. Another
weakness is that anecdotal evidence is no substitute for a thorough knowledge
of on-site operations and cfficient systems to turn shop-floor information into
genuine improvements. The end result may be little more than sporadic
communication between management and workers.

Programmes to encourage the flow of information from workers to manag-
crs take many forms. Examples include: regular or periodic mectings of
workers and managers, ‘open door’ policics where waorkers are invited to
discuss issucs of quality and improvement with managers, seminars on im-
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provement issues, programmes to encourage employee suggestions and soon.®
None of these methods are likely to succeed unless managerial attitudes and
organizational structures are fundamentally altered. The outcome can be
particularly disappointing for companies where labour-management relations
are poor. Suspicious workers regard these nitiatives as another way to reduce
their numbers or to wrirg more work out of existing staff. The paradoxical
result could be that programmes for improvement actually lead to a decrease
in productivity.

In summary, the search for internal improvements is often thwarted by the
separation of functions and high degree of specialization which is so common
in many mass production firms. These characteristics inhibit the flow of
production information and ideas that are critical for continuous improvement.
Despite such handicaps. many top managers prefer to address their informa-
tional problems by methods which leave the basic structure of their organiza-
tion intact. The following section looks at the opposite end of our stylistic
spectrum and asks whether the mass producer can borrow any methods and
tools from the continuous improvement firm.

ORGANIZATIONAL BARRIERS AND MISCONCEPTIONS

Continuous improvement is distinguished from other attempts to increase
productivity and bolster competitiveness by its emphasis on daily. incremental
forms of improvement. The purpose of all these efforts is to enhance customer
value, a concept which refers not only to price but attributes of product quality,
product design, serviceability, durability and other ways of boosting customer
satisfaction. The critical link between irformation and customer satisfaction
reguires that managers create and nurture the work of groups whose intellectual
capabilities produce customer value.’

Like any other manufacturer, the overriding goals of 2 CIF are obvious ones
such as increased market share or profitability. However, the way in which the
firm pursues these goals in its day-to-day operations is sometimes obscure, at
least to the outside observer. The sorts of improvements which typify daily
operations are usually minuscule and often undocumented. Outsiders tend to
overlook this dogged process of minor improvements and are unlikely to
comprehend the system that nourishes it.

Not surprisingly, a firm that ecmbarks on a programme of continuous
improvement may underestimate the magnitude of its task. Many managers
crroncously assume that the transformation can be accomplished by simiply
purchasing a ‘package’ of statistical tools and other production techniques and
then instatling them like a picce of capital equipment. This misjudgement is
compounded by a tendency to focus on some dramatic result rather than the
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process of improvement itself. One example is the development of just-in-time
(JIT) methods of inventory control. Many observers hailed this achievement
as a ‘revolutionary breakthrough’, though in reality it was the outcome of 30
years of evolutionary, incremental improvements (see Nayak and Ketteringham,
1986). The same applies to other aspects of continuous improvement such as
SMED, statistical process control, quality control circles and Japanese tech-
niques like kanban and pokayoke *

Firms may be poorly prepared to make the transition to continuous improve-
ment but nevertheless begin with an evangelical zeal. Employees are exhorted
to become part of the campaign for "total quality’, ‘zero defects’. *world-class
manufacturing’, JIT or some other label. Consultants, quality circles and
programmes of ‘employee involvement’ are conspicuous during this early
phase. Productivity and product quality will usually show some improvement,
but all too often these gains are short-lived. When the initial momentum
dissipates, managers realize that they have invested considerable amounts of
money and time for only modest reterns in productivity and quality. One result
is that programmes for ‘quality and improvement’ lose credibility among both
managers and workers.

Why do these tools sometimes lose their potency when transferred to new
practitioners of continuous improvement? First, a great deal of the know-how
embodied in techniques such as JIT, quality controi circles or SPC is company-
specific. Such methods have been adapted and refined through years of
experience and are now deeply embedded in the culture of the CIF (see
Box 3.3). Newcomers can not hope to assimilate these routines into their
company quickiy. Nor can they expect that the original methods will be ideally
suited to their factory’s environment; further adaptations will almost certainly
be necessary. These tasks become even more difficult if the firm’s existing
organizational structure is relatively inflexible.

Second, the newcomer is at adisadvantage owing to the rapid pace of change.
Long-time practitioners of continuous improvement are constantly refining
existing techniques and developing new ones. They have accumulated years
of experience and created a work environment that encourages change.
Meanwhile, the new adherent struggles to master methods which may only
remain state-of-the-art for a bricf period. Without constant information
exchange and a system to coordinate the search for improvements, the new
convert may never overtake its better-organized rivals.

The barriers encountered by the newcomer can be iflustrated by considering
the hypothetical case of a typical mass production firm that competes against
a CIF of similar sizc. Over time, the latter firm has achieved a position of
superiority which can be explained in terms of product quality, price advan-
tages, service practices or other product characteristics. Supposcthatmanagers
of the mass production firm conclude that their rival's success is largely duc to
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Bex 3.3 Successes and failures in improvement programmes

Around three-quarters of all manufacturing and service compenies in the United States
and the United Kingdom claim to operate programmes dealing with continaous
improvement, quality control or related goals. Yet recent surveys indicate that only a
minority are satisfied with the results. In the United States, for exampile, a survey of
500 manufacturing and service compenies found that only a third believed the
programmes have a ‘significant impact” on their competitiveness. Another sarvey of
100 firvis in the United Kingdom revealed that only a fifth rogarded their programmes
as having ‘tangible results’.

Why isthe number of satisfied companies not higher? First, many managers expect
the programmes to be a swift and sure way to reverse their fim's declining fortunes.
However, years may be required to assimilate these routines and to modify and adapt
them to every pert of the firm’ s operation. Nor will improvements in quality oftvet the
effects of an inferior product or an industry-wide decline in demand. Second,
compenies outside Japen lack experience in implementing such programmes. Evidence
tosupport both these points can be found in the following chart. Many of the successful
Japanese companies have three to four decades of experience m this field. Firmsinthe
United States have considerably less experience. All, however, take a long-term view
of quality and improvement.

Number of years’ experience with tota’-quality management
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its skilful use of statistical tools. They hope to strengthen their own firm's
position by introducing a rigorous programme of SPC. Consultants are
engaged to assist in this undertaking, several managers and line workers are
traincd in data analysis and data coliection, and cvery assembly line soon
bristles with control charts. Over the next few years, the mass producer’s efforts
yicid results as defects, rework and customer complaints are reduced. But
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surprisingly. the gap between the two firmns does not diminish. The CIF
introduces improvements of its own which preserve its position of leadership.
This outcome prompts the mass producer to re-evaluate its competitor’s
operations. An investigation reveals that most of the statistical charts and
related tools which were so much in evidence in the CIF's plants only a few
years before have disappeared.

How can this apparent reversal of production methods be explained? The
CIF did not abandon its original philosophy once the manufacturing system
was brought under statistical control. Instcad. it progressed to a new, more
sophisticated level of operation which no longer requires extensive use of
SPC. Special causes of variation were first eliminaied and steps taken to
ensure that they did not recur.  Following this phase. common causes of
variation were attacked. Proc:ss vaniation was gradually reduced so that parts
could be designed to more precise specifications and tolerances. Manufac-
turing processes and products were regularly reconfigured in order to “design
variation out of the system’. Eventually, the need to monitor each process
through statistical means became unnecessary.

The danger which this example illustrates is that the mass production firm
may become “stuck” in the early stages of SPC.* Meanwhile, the CIF moves on
to a more sophisticated level of application. The distinction between the two
finns is partly due to their disparate approaches to the problein of common-
cause variation. The CIF is prepared to adapt, alter or refine any aspect of its
production system — from design to delivery. Managers, line workers, and
technicians collaboratc to obtain all the production-related information needed
to guide th 2 firm 1n its search for improvement. The mass producer, though a
voracious consumer of the more conventional forms of quantitative data,
makes little use of informal types of information. Nor are its managers willing
to consider the more radical forms of change in organizational and managerial
structure which are necessary to remove this bottleneck.

It is not surprising that the mass producer is disappointed with the results of
this experiment. SPC is a sct of statistical tools which can be used to bring
manufacturing processes under control (that is, to eliminate special causes of
variation) and afterwards to reduce variation due to common causes. Once
these goals have heen achicved. the tools should be dismantled and moved
clsewhere. Lacking the proper information and unwilling to make the changes
needed to secure that data, the mass production firm cannot rid itself of
common-causc variation.  Statistical charts and related devices become a
permanent feature of its operation. In that capacity they are the graphical
counterpart of an inspector, serving merely as insurance against a loss of
statistical control.

Some tools of continuous improvement can be quickly integrated into a
tirm’s operation though others require several years for experimentation and
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adaptation. During that ime a iarge number of changes and modifications will
have to be made. The basic role of managers must be altered, as will every
aspec: of existing production routines and workers' responsibilities. These
adjustments will be conditioned by the technologies installed. Meanwhile. the
technologies themselves must be tailored to suit the host company’s environ-
ment. Witheut adaptation, a CIT may never become ar integrai part of the
firm’s production system. It is reasor:able to expect that some alterations will
be necessary when these techniques are transferied from one company to
another.

In summary, mass production firms rarely capitalize wpon the on-site
information which is essential if newly-acquired CITs are to be efficiently
assimilated. Nor are these firms willing to contemplate the changes in
managerial attitudes and organizational structure that are necessary to compile
and use this sort of information. No such restrictions apply to the CIF. Its
organization and methods of operation are designed to make optimal use of on-
site information to promote improvements in product quality, process effi-
ciency and flexibility (see Bés, 1991, pp. 25-33). With these advantages, the
CIF is in a better position to integrate new methods into its production system
quickly and then go on to refine and adapt these methods to suit its specific
needs.

The CIF’s superior use of information can be attributed to several factors:

e  Managers and workers in the CIF are better prepared to deal with a
diverse set of problems simultaneously. They have a broader range of
work erperience and encounter few barriers which discourage informa-
tion flows and collaboration between groups. Horizontal coordination
of operating units in the CIF is founded on shared information rather
than skill specialization.

e  There is a collective approach to problem-solving which ensures a
company-wide perspective. This orientation is essential if new tech-
nologies are to be adapted and refined to suit acompany 's specific needs.

e  Production-linc workers arc given greater autonomy and decision-
making authority than in traditional firms. There is no sharp demarca-
tion in the CIF between ‘thinking' and ‘doing’ activities.

A firm’s conversion to continuous improvement will inevitably create
difficulties during the break-in period. Problems involving matters ranging
from cost to design, quality and production scheduling spifl across departmen-
tal boundarics and fields of responsibility. Furthermore, these issues must be
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addressed simultaneously if the new techniques are to be efficiently mastered
and assimilated.’ All this requires a company-wide effort which can not
succeed without coordination and collaboration. A mass production firm with
ahighly specialized workforce and an elaborate division of responsibilities will
find it difficult to make these adjustments in a timely manner.

Employees in a CIF tend to be better equipped to handle a diverse range of
problemsat the same time. While tasks are specialized, workers are generalized
{Cole, 1992). For example, the number of job descriptions and work-related
classifications found in the CIF are far fewer than for the typical mass producer.
The CIF takes every opportunity to ensure that its people gain experience in
several departments and tasks. Job rotation and group work provide managers,
technical personnel and shop-floor employees with a broader view of the
organic workings of the enterprise. Once the CIF has created an experienced
workforce, it maximizes the benefiis by eliminating any existing barriers
between areas of staff responsibility. One way of doing this is to encourage the
workers’ participation in groups such as QCCs. Another is to remove any
disincentives to collaborate across functions.! Sometimes, physical barriers
— for example, walls and partitions between staff areas — will be removed as
well. Through these means, employees gain a broad understanding of cach
other’s role and are better able to cooperate in the creation of customer value.

A collective approach to decision-making follows naturally from arrange-
ments such as these.'> Many CIFs hold informal meetings at the beginning of
the day to discuss major issues. Cross-functional groups which include
managers, technicians and hourly workers from different departments are also
common. Formal groups are expected to address different problems on a
regular basis while informal ones may be convened to deal with problems as
they arise. Unlike their equivalents in traditional firms, these groups have the
authority to enact changes after they have studied a problem and agreed upon
asolution. Meetings provide opportunities to share critical, on-site information
with colleagues who have different responsibilities and functions. Each team
has the same set of very precise goals: to find ways to eliminate defects or to
introduce improvements which will be of benefit to the ‘customer’. Impor-
tantly, their deliberations take into account both external and internal custom-
ers. The external customer is the purchaser of the finished product and the final
arbiter of quality while the internal customers are those employeces who will
subsequently work on a partly finished product as it moves through the
manufacturing system. The satisfaction of each customer, whether internal or
external, is the concern of every group. The outcome of all this group activity
is a constant flow of small improvements. Few, if any, of these changes will be
documented or written down in any formal way. Nevertheless, they arc widely
discussed by all involved and quickly become part of standard practice (sce



50 Beyond Quality

Box 3.4). Without such effective methods for the exchange of information and
opinion. cooperation across functions and departments deteriorates and the
effectiveness of CIT is jeopardized.

A third method to ensure effective use of informal information is to grant
workers the authority to make changes at the work site. Because these
employees have the deepest understanding of a particular manufacturing
process. they are in the best position to make decisions of this sort. Whether
the modifications emerge from group discussions or are made on an individual
basis is immaterial: the important point is that workers are expected to improve
production processes.'’ This limited delegation of authority does not mean that
managers are freed from leadership responsibilities. It does imply that in the
area of improvement workers need not always be followers.

The expectation is that workers who can exercise authority at the work site
will have more pride in their jobs and take results seriously. Such an
environment does not depend on workshops, lectures, sensitivity-training
sessions, employee retreats or slogans. Nor is it contingent on the rhetoric of
consultants who preach “employee involvement’,"job enrichment’ or “quality-
of-life programmes”. To be successful, managers must create a system which
maximizes the experience, collaborative instincts and information of workers;
and then reconfirm their commitment to this system on a daily basis.

Box 34 Documenting production-line changes in the CIF

The CIF depends on a free flow of information between different groups and job
functions. A properly working system of information exchange meansthere is lessneed
to commit precise instructions to writing. Morcover, change is continuous and many
adaptations have only a short lifc span. A convenient way to represent the latest round
of improvements may be a temporary visual aid (for example, a blackboard or bulletin
board) located in the work area where everyone sees it. Recent changes would then be
obvious to anyone from outside the immediate work area. Such visual aids can alsobe
apowerful stimulant to further discussion on improvements. The same practice would
be risky in conventional firms where managers plan all production-line modifications
and workers implement these plans. Written documentation will usually be required
to avoid ambiguities and misinterpretations. This top-down form of management
means that a great deal of the production-line information possessed by workers islost,
ignored or decays rapidly. Workers quickly leamn to anticipate the next round of
instructions rather than to think in terms of improvement. In such firms there are few
visual aids referring to improvement activities although there could be an abundance
of posters and slogans exhorting workers to strive for greater quality and performance.
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Organi:ational Structures and Information Flows

CONCEPTS OF TIME AND EFFICIENCY

Production efficiency can be defined as the goal of maximizing output with the
minimum amount of inputs. Time has an important role to play in this equation.
A factory’s costs will nse when the period of operating time in any given week
or month is iengthened. It follows that costs per unit of output will decline if
the production target can be met in a shorter period of time. In other words. a
firm that can manufacture the same number of units as its rival more quickly.
and do that without additional inputs or equipment. wilt be more efficient.

Ideas such as these might appear to be so fundamental that they allow no
alternative interpretations. Yet the CIF and mass producer have quite different
views of time and efficiency. In the mass production firm the two concepts are
merged in the search for ‘economies of time” (see Best, 1990, pp. 147-56: and
Chandler, 1977). In order to achieve greater economies of time. the firm secks
to maximize the number of items produced in a given period of time. Managers
therefore look for ways to speed the movement of materials and semi-finished
products through the plant. Greater efficiency and lower production costs of
standardized products are the result.

The mass producer bases its search for economies of time on two fundamen-
tal guidelines. One, known as ‘the principle of flow’. was developed by
engineers in the early twentieth century. This innovation led to the redesign of
the factory floor, so the ‘flowline” of machines would conform with the
sequence of machining operations. The step was a great improvement over
earlier methods which required that batches of material or product be moved
from one specialized department to the next. Engineers subsequently went on
to devise more sophisticated flowlines for products which were assembled
from a series of components. All these efforts came together in the automobile
industry where the principle of flow was successfully employed to manufacture
a product requiring a large number of complex components.

Methods of scientific management were developed at about the same time
as the principle of flow and served as a second guideline in the search for
economies of time. Closely assnciated with the research of Frederick Taylor,
scientific management required that production-line activities be carefully
synchronized with the flow of production.”* Hig": rates of throughput meant
that workers must perform routine, repetitive tasks with raachinery that was
running at full capacity.

With better planning of a factory's machine layout and careful organization
of workers' routines, managers were ahle to achicve large increases in through-
put at much lower unit costs.” Work activitics were constantly redefined in
ways that distinguished between managers’ planning responsibilities and
workers’ manual tasks. This version of mass production was soon transferred
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from the United States to other industrialized countries. becoming the domi-
nant organizational model for all large manufacturers by the mid-twentieth
century. Because the model focuses on the productive time needed to transform
material into products, measures such as productivity per labour hour or
machine output per hour are the accepted yardsticks for measuring operational
efficiency.

Interpretations of efficiency and time have evolved along quite different
lines in the CIF. Forerunners of the modem CIF recognized that the ability to
reduce manufacturing overheads would be akey to competitiv = success. These
overheads include expenditures relating to inventory, matenals handling,
inspection, warehouses, resource planning, changeover and quality control.
For the typical mass producer. they can amrunt to 200 per cent or more of direct
labour costs.'* By reducing process variation and cutting back on product lines,
the early CIFs were able to lower manufacturing overheads substantially. This
gave them a cost advantage over rival firms using methods of mass production
(Abegglen and Stalk, 1985).

The CIFs made aggressive use of their cost advantage but could still supply
only a limited number of products or models. The problem, which they shared
with mass manufacturers, was that overheads rose exponentially whenever the
number of product lines was increased. Burgeoning overheads resulted from
the larger number of parts that were required, the diverse range of problems
encountered and greater complexity of the manufacturing processes. After
many years of experimentation, this problem was resolved by development of
the JIT production system in the 1970s. Japanese firms found they were able
to manufacture different products on the same production line without driving
up overhead costs. Their success meant that the mass producer was now
confronted by a flexible, low-cost rival who could compete across a wide range
of product lines.

The CIF’s improved ability to control overhead costs led to new views of
efficiency which recognized that not all a firm’s activities anc’ associated costs
arc a direct result of the manufacturing processes. Only a portion of total
production time is actually used to turn inputs and materials into finished
products. Alongside these valuc-adding activities are various auxiliary func-
tions which contribute to costs but add no value to the finished product.
Workers, for example, devote <ome portion of their time to inventorics and
other ‘non-productive” assignments involving inspections, reworking compo-
nents and products or moving, storing and counting items and products.

Al manufacturers, both CIFs and mass producers, are concerned with the
amount of productive time required to convert materials into finished products.
They express the costs of productive time in terms of operational efficiency, a
concept which refers to the direct involvement of people and machines in the
value-adding activitics of the firm. The CIF carrics this analysts further; it will
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also monitor the costs of auxiliary functions. Managers then construct
measures of efficiency which take into account the costs of auxiliary (indirect)
activities as well as direct involvement in the production process. One example
of such a measure is the idea of ‘process-throughput efficiency’ which is
defined as the amount of time materials and components are actually being
worked on divided by the total amount of time these inputs spend in the
production system.

Estimates of process-throughput efficiency provide the CIF with an indica-
tion of how much indirect activities contribute to manufacturing overheads and
total costs. However, they give no information about the way inventories affect
overheads. To take this element into accouat, other measures focus attention
on work-in-process (WIP), which is defined as the value of production
inventory less the value of finished products ready for shipping. A large
inventory of WIP requires employees to spend a considerable portion of their
time counting, handling, storing, proce:sing and expediting shipment. These
indirect activities are necessary because inventories are high. However. they
are also expensive and add nothing to the value of the product. Savings are
possible by reducing the size of WIP inventories for a given level of output or
by accelerating the movement of WIP through the factory. This “leanness in
production’ can be measured by stock-turnover figures, which are defined as
the value oi raw materials, work-in-process, and finished products, all ex-
pressed as a percentage of total sales."”

These different interpretations of time and efficiency naturally lead to
divergent methods and strategics of production. The mass production firm’s
emphasis on operatioral efficiency leads managers ‘o explain a factory's poor
competitive performance in terms of labour costs and levels of direct labour
productiviiy. It follows tnat cost-cutting efforts will usually focus on ways to
increase i<bour and capital productivity rather than reducing the extent of
indirect uctivities (Johnson and Kaplan. 1987, Chapter 8). The difficulty with
such an approach is that the search for costs savings is confined to productive
time — that is. the small pcrrentage of time in which value-adding production
activities occur. Much greater amounts of time may be absorbed by indirect
activitics which the exercise ignores. This limitation is underlined by recent
estimates of process-throughput efficiency. For plantsin the United States and
the United Kingdom, value-adding operations account for as little as 1 to 2.5
per cent of the time that materials and other inputs spend in the plant. In other
words, these materials are untouched for as much as 99 per cent of the time. The
efficiency of process-throughput rarely exceeds 20 per cent of total time, even
in high-volume assembly operations (New, 1988, p. 1).

If a firm's efforts to bolster its competitive position are confined to
improvements in operational efficiency, the net effect can sometimes be
ncgative. Additional pressure on direct workers may be of no benefitif itdrives
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up the rate ot detects and amount of rework. Diminished worker morale and
falling rates of productivity are other possible consequences. Wage cuts, a
reduction in the number of production-line workers. a cutback in the volume
of production or elimination of certain product lines are other options. Any of
these sieps could be necessary. but itis als~ possible that they could be avoided
if the firm sought productivity improvements by eliminating some of its
indirect or auxiliary activities.

The CIF tends to take a system-wide approach in its search for ways to
improve operation and process efficiency. Managers and workers collaborate
effectively to gather and utilize information which can reduce process varia-
tion. waste and overhead costs. These go hand in hand with increased product
quality and deliverability. The fact that costs can decline while quality
increasesis adirectchallenge to the conventional wisdom embodied in the mass
production organization.

NOTES

{. The CIF will have a much smaller number of job descriptions. In some cases. the worker has
considerable freedom to write his own job descniption.

2. Managers with long experience in asingle ficld may rely heavaly on financial and accounting tools
that understate ar overlook altogether the role of quality and improvement. Furthermore. where
there are nigdly defined departments the op manager who has risen through the ranks in one
function can be the object of suspicion on the part of those in different specialities.

3 In many instances supervisors and managers helatedly recogmize a glanng problem and are then
perplexed because workers on the floor had not mentioned it to them carlicr. Often, the workers
had simply assumed that managers were already awave of the situattion. Better channels of
communication would have ensured that this information was immediately avaslable.

4. The current wave of downsizing 1n large corporations is frequently — but inaccurately — linked
to programmes of “quality improvement”. Understandably, many workers assume that their jobs
are bemny threatened when their firm embarks on any improvement programme. These fears can
renader sl discussion of wamwork, empowerment. investment 1o people and the hike as so many
hotlow phrases tKuttaer. 1993, p.12). In the CIF 101s more hkely that programmes toincrease
productis ity are accompamed by worker retrmning so that people can perform new tasks.

5 These groups have varnous titles such as quality control circles. quabity assurance teams. quality
deployment teams. zero defect groups and so on.

6 Many mass production firms have experimented with suggestion systems but the results are
frequently disappoinung. One reason s that management aceepts few of the suggestions. or that
ismplements some but fasls (e recognize the ongimator. The net eftect of such programmes on
employee moral car also be negative. Finuncialincentives may lead 1o a lumvy of suggestions, but
in firms where programmes of confinuous improvement are not deeply entrenched. the suggestions
end i incentives are disconnnued

7. Inthe CH- it as mtellectual capital, not equipment, that 1s managed (Jatkumar, 1986, p. 75).

K Pokayoke refers 1o a simple system of "mistake-proofing” which depends on simple devices or
routines that help to prevent huntan errer. Kanhan refers to s system of visual inventory controls
that fosm anantegral part of many JIT systems. Tnots simplest form, individual tems or Tots 1n
inventory are tagged with a kanban card that allows the producer o trace the lows of material in
production. Cards are retnoved as iaventory items enter the process which then serve as a visual
sinal for reordening, These practices are discussed in more detinl i Chapter 4.
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9. This applics to mary improvement programmes such as quality control circles. vanous forms of
JIT and other methods.

10. Once continuous improvement s tully incorporated into an enterprise. incremenial improvements
come at little or no expense to other productive activittes. For example, where operatorns on the
line serve as their own inspectors and communicate with the next person in the process. modest
adjustments can he made that both expedite flow and reduce defects. However, duning the
transition to continuous improvement. there can be considerible costs. The costs that are most
difficult to measure are the tnefficiencies that wocur because of reststance to change on the part of
some managers and sectior heads.

11. Forexample. annual ratings svstems discourage effective teamwork. The main reason is that work
spent on a team comes at the expense of performance for wiich wn individual or department is
measured and evaiuated. Managers may actually tell subordinates not to spend much time or effort
on group work because of duties in their own depantment.

12. Studies of managerial practices in Japan and the United States reveal two observable differences
in the decisivn-making process. First, there s much more communication at lower levels of
management in Japanese companies which then percolates upward. Second. while both groups
of managers rated the quality ot their own decision-making skills as about the same. Japanese
managers believe their ability to impiement these decisions s supertor (Pascale, 1992 p 124)

13. If workers have some decision-making authority and astrong commitinent to the firm’s goals. they
will support a suggestion system. For example, in the typical CIF employ ces make many
suggestions and a refatively high percentage are implemented. Managers will also be careful o
follow up on the suggestions they implement. The berefits of the improvement. tn terms of savings
of time. money and effort. are also displayed aloag with the name of the person making the
suggestion. *

14. Taylor was an organizational innovator in the late nincteenth ceatury who studied production
activity onthe shop t1oorin order to increase throughput. His name is mostclosely associated with
*time and motion” studies in which he sought 1o maich the movements of workers with the flow
of material thiough a factory. Such movements were to be planned down 1o the smullest detail.
Taylor alsoestablished the ideaof incentive pay as a cornerstone of scientific management. arguing
that workers should k.- paid differential rates according to whether they met or exceeded “standard’
amounts of output. Wages became a function of job evaluation and job classtfication rather than
workers” skills. Union activity became ever more involved with job classifications and seniorny
rights (Best. 1990). Chapter 2).

15. Ford Motor Company was onc of the tirst manufac.orers to demonsirate effective apphication of
scientific management and the principle of the flow. In 1909 Juxury cars were selbing in the United
States for over $4.000. but the price of a Maodel T was only $950 and was cut to $360 by 1916
Mcanwhile, sales grew from 12,000 to 577.000 cars (Hounshell, quoted 1 Best. 1990, p 71

16. Direct Tobour’ is labour that adds value dircctly 1o the final product (for exaemple. workers
performing assembly on the line).  “Indirect fabour” invalves the support activities such as
warchousing or accounting. Those involved sn support acuvities do not work directly wish the
product.

17. Arclated measure of process efficiency s the WIP turn. which s analogous to the stock -turnover
ratio firstused by mass retarlers. Toe more imes thatagiven amountof WIP s turned overin some
time period (usually a year), oz the more imes thata given amnount of WiP s converted into inished
goads, the higher the process efficiency of the firm. A rule of thumb s that every e the WIP
turn doubles, [abour productivity increases by around 38 per cent (see Best, 1990, p 1%}
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4. Working Tools of Continuous
Improvement

CIFs have a wide range of technologies or techniques from which to choose.
Several of these are associated mainly with the goal of making products of a
higher quality. They can indeed be used for this purpose but when employed
in a programme of continuous improvement the objectives are broader. Cost
reduction, productivity gains and greater organizational efficiency are the
primary goals. Some of the more powerful and better-known techniques are
examined in Chapter 4, while the supporting statistical tools are described in
Chapter 5.

Because continuous improvement is a dynamic process which offers a large
number of different technologies, the selection process is more an art than a
science. Firms that cling to the same techniques will lose out to their more
flexible and aggressive rivals. In some instances the technologies originally
employed will have already enriched the improvement programme and should
be replaced with more sophisticated techniques. In other cases a technique is
refined and altered so drastically that it bears little resemblance to the original
procedure.

Many technologies are available to the CIF and only a sampling can be
described here. Not all options are equally suitable for any firm and those
presented are meant to give some idea of the range of choices available. The
discussion begins by reviewing some of the simpler alternatives and then goes
on 'o examine several of the technologies which might be used by firms that
have several years of experience with continuous improvement.

THE PDCA CYCLE

The plan-do-check-act (PDCA) cycle is one of the most powerful, yet simple,
forms of continuous improvement.! It depends on scientific methods of
investigation and can be used to improve both manufacturing processes and
products. Companies that are experienced in the application of CITs may no
longer make explicit use of this tool, although the procedures they employ to
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organize the programme of continuous improvement owe much to their earlier
mastery of the technique.
The four stages of the PDCA cvcle can be descnibed as follows:

e Planning. Managers. technical personnel and workers single out a
particular manufacturing process or part of the production system with
the purpose of identifying those operations that have the greatest
potential for imptovement. Once this is done. the team agrees on the best
means fcr monitoring and studying cach of these steps. Opinions and
suggestions are sought from all team members. Finally, aplanis devised
which spells out the actions to be taken and the methods of analysis that
will be used.

¢ Doing/implementation. The planisexecuted. The team will first apply
the plan on a small scale if that is possible. Results are carefully
monitored and all deviations from the plan should he recorded. Data is
collected using some of the tools described in Chapter 5.

¢ Checking and verification. Results are evaluated and compared to the
original goals. The group discusses what has been learned from the
experiment and determines the potential for improvement.

e Action. If the experiment demonstrates that certain steps improve
efficiency or quality, these are standardized and become part of day-to-
day procedures. The entire cycle is then repeated. meaning that each
new set of standards or procedures may apply for only a brief period of
time.

THE SEVEN WASTES

Elimination of wasteful shop-floor practices is one of the first targets of the CIF.
For this purpose, waste is defined as any operation which adds no value to the
product but increases costs.’ Evidence is casy to compile, yet a surprisingly
large proportion of all shop-floor activitics generate no added value. Itis not
unusual that materials and parts are worked on only two or three per cent of the
time they spend in the plant. During other periods they are stored. moved from
one location to another, packed, unpacked or inspected — all activities that add
no value to the finished product.

Other common forms of waste occur when unnceded or defective parts are
produced or when machines are idle during set-up or becausc of breakdowns.,
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The end resclt is that a substantial proportion of the total operating time of a
typical factory is absorbed by activities which add no value to the finished
product but that have a significantimpact on costs. Seven of the most common
areas of waste in a plant have been identified by Suzaki (1987, pp. 7-24) and
are summarized beiow.

e Overproduction is one of the most costly and common scurces of
waste. Yetit is often ignored until market demand slumps. Atthat point
the costs of overproduction multiply owing to a build-up of unsold
goods in inventory and the additional expenses incurred for handling,
storage, interest charges and other activities which add no value.

e  The time workers spend waiting for materials to be delivered, for a
machine to be repaired. or for paperwork to be compieted is an obvious
form of waste. A less vis:ble form of waste occurs in mass production
and other inspection-dependent factories where workers are expected to
watch machines and take corrective action when a problem arises. The
CIF combats these problems by streamlining the flow of materials and
paperwork. Sometimes, machines can be fitted with simple devices
which automatically shut down production or provide an audible
warning when a malfunction occurs. Operators can then divide their
attention betwcen the task of aticnding a machine and other jobs (for
example, maintenance). Frequently they can tend to inore than one
machine at a time.

¢ Transportationis amajor source of inefficiency if materials are moved
around a factory several times before reaching a point where valuc is
added. Staff must plan these movements, arrange for materials 0 be
stored, picked up, delivered and collected from the production line.
Especially long product:on lines may require temporary storage stations
which greatly complicate the tracking of parts and materials. Tnz CIF
will cut transport waste by improving the layout of the plant, by
meticulous coordination of production processes, more efficient meth-
ods of transpertation, and better organization of the workplace.

e  Manufacturing processes are themselves a source of waste. [ftools are
not properly adjusted or maintained, additional workers are needed to
finich, file, paint or complete a product. When materials are not properly
prepared for processing, operators must spend more time converting
these into products. Managers and workers in the CIF will continually
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modify or redesign a2 manutacturing process to reduce the time lost in
these ways.

Excessive inventories are more than a temporary problem resulting
from swings in demand. They impede the establishment of production
priorities and prevent workers from focusing on the tasks at hand.
Costly misjudgements can result. For example, because operators arc
unnecessarily busy and machines are cccupied, managers may purchase
additional equipment onthe erroneous assumption that it is needed. The
CIF has anumber oftools in its arsenal to combat inventory wastage (see
Box 4.1).

Unnecessary movement of workers represents wasted effort which
addsto costs. Yet it is common to observe employees in farge factories
busily scarching for their tools, parts or papers. If managers do not
recognize these practices as a source of inefficiency, they may demand
greater effort or even hire more workers. A much more effective
approach is to reduce the need for workers” movements by optimizing
the location of tools, parts and machines.

e  Defective products contributeto waste in several ways. Defects disrupt
the flow of throughput and force operators further down the line to wait.
It can be very difficult to isolate these problems if the production cycle
is long (20 to 30 days). The CIF constantly strives to reduce this cycle
which helps to simplify its effort to eliminate defects. Rework also adds
to costs, while a decision to scrap defective items means that material

Bex 4.1 Combating inventory build-up in 2 CIF

Excessive inventorics are an unnecessary source of waste. To minimize this problem,
the CIF employs a aumber of methods. First, unneedod materials are exciuded from the
workplace and production lines are ‘batanced’ by producing only the items required for
lbnbueqwmnpnhplm These practices prevent the sccumulaiion of work-

and rerfuce confusion on the production lins. Second, ordors are closely
coordinated with vendors and large Jot sizes are oot purchased. The CIF forgoes the
inventory waste should move than offset the higher prices charged by suppliors. Third,
the CTF sims st manfacturing only small product lots. Set-up times must therefore bs
reduced snd machinery changeovers mads more efficient. /ssiduons sitention to thess
eventually leads t0 & just-im-time (JIT) production sy stem.
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and effort are wasted.? Separating good parts from bad ones is another
cost-adding activity which results from defects. The end result is poorer
quality and higher costs of the products delivered to the customer.

THE 5-S MOVEMENT

To eliminate waste, the CIF creates cross-functional teams of managers,
workers and technicians. Many of their solutions derive from very simple
ideas. The *5-S Movement'* is a popular method of organizing the search for
waste in factory management which consists of the following steps:

e Straighten up the work area. The factory floor in many large plants
is cluttered with unnecessary tools, work-in-process, unused machinery,
defective products, parts and other items. In a CIF, employees are
expected to “eep at the work site only that material necessary for
performing their jobs. All unnecessary items should be removed.

e Put all necessary items in order. Matenals and tools should be
arranged so they are available when needed. The plant layout is changed
so that the optimal arrangement of tools and workers can be achieved
(see Figure 4.1). This eliminates wasted motion, reduces the waiting
time of employees and minimizes transportation within the plant.

¢  Keep the work site clean and tidy. Organization and housekeeping
practices centribute to product quality, worker morale and efficiency.
The CIF stresses the links between sloppy plants and defective products,
machinery breakdowns and excessive inventories.

*  Follo~ procedures in the workshop. Most shop-floor procedures
have been determined after a consensus has been reached between
managers, technicians and workers. Once these are in place, everyone
from the top executive on down, is expected to comply.
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Figure 4.1 Redesigning the plant lavout for greater efficiency

The two diagrams shown here document the actual changes made in a production line after applving
the 5-S procedures described in the text. Machines were rightly regrouped into cells, large piles of
components were replaced by small storige bins and the newly-cleared factors floor was neatly
marked with colour-coded iines mapping out the flow of materials. Productivity on some lines
increased by up to 30 per cent in the working day after these changes were made. The space needed
for some processes was cus in half and work-in-process was reduced considerably. The improved
lavout allowed some jobs 10 be combined. freeing these workers for deplovment elsewhere in the
Sactory.
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Source: UNIDO, based on data reported in the Financial Times. 4 January 1994,
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QUALITY DEPLOYMENT

In the 1970s only a few of the world's manufacturers fully incorporated
customers’ demands into new product designs. However, the situation began
to change dramatically in the 1980s. Firms in industrialized countries had
learned to make reliable products but they were not good at getting their designs
right the first time. New products frequently fell short of customers’ expecta-
tions and had to be redesigned. Much of the problem was due 1o lack of
information and poor tcamwork. Few firms took the trouble to gather data on
customers’ preferences. Marketing and sales staff had a vague idea of buyers’
wishes but were rarely consulted when a new product was planned. Inside the
firm, the degree of teamwork was himited. Designers or engincers would put
together a new product and the manufacturing depariment would produce it.
This “over-the-wall” approach where one group passes its work to the next with
a minimum of consultation made for high costs and delays.
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The consequences of these practices are vividly illustrated by a 1992 survey
of firms in the United Kingdom. The results, which are presented in Figure 4.2,
show that the bulk of all *product costs” (that is, all outlays other than operating
costs) are determined before production actually begins. The message con-
veyed by these estimates is clear: the costs of redesign are heavy, not just in
terms of customer dissatisfaction and the loss of market share, but also in
financial terms.

To avoid such miscues. manufacturers have turned to the idea of "quality
deployment’ (QD). The technigue is a form of continuous improvement that
seeks to identity problems tefore (not after) they occur. Staff begin by
determining customers’ requirements and then work backwards to see how
they can be met (Fortuna. 1992). Each preference is assigned a priority which

Figure 4.2 The costs of product development: illustrative trends
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is translated into technical specifications ateach stage of product development.
The need for meticulous planning and analysis means that it may take longer
to design a product than with more conventional methods. However, subse-
quent changes in the design of the product or the manufacturing processes are
rare, so the total time required for product development can be reduced hy 30
to 50 per cent (Imati, 1986, p.158).

The first step. determination of the customer’s needs, can be difficult since
buyers are often vague about their preferences. Suppose a vendor of cardboard
boxes interviews potential customers who state that they want boxes of precise
measurements which are “light but strong’. The seller’s task is to determine
exactly what the potential buyer means. What kinds of product will be shipped
in these boxes? How much do the products weigh and are they fragile? These
are just a few of the questions that the scller asks to determine the needs of the
customer.

Once these needs have been defined, the design of the product can be
planned. The exact type of cardboard. its thickness, strengths and other critical
characteristics must be worked out according to the customer’s requirements
and the corresponding technical requirements of the manufacturer must be
defined. Everything is planned: the precise types of product materials which
are needed, the machines and tools to be used. machine adjustments and so on.
Specific types of process controls such as SPC, random sampling and main-
tenance intervals will also be in place before the first box is produced.

Allof these steps are carried out by ateam drawn from the firm’s marketing,
engineering and manufacturing operations.® Sales and marketing representa-
tives may have a good understanding of the customer but little comprehension
of the product’s technical aspects. Engineers and designers supply this
expertise, although they may have little understanding of what the customer
wants. The team stays together throughout the entire design prucess. In this
way they gain a critical stake in the delivery of a product that the customer
wants.

As firms gain expericnce in QD, their ambitions grow. They will want to
know what charactens. s consumers value in product class and how they rate
onc firm’s product relative to others.  Mecanwhile. engineers tear down
competitors’ products (a tactic known as reverse engineering) in order to
understand their performance and technical requirements.  Engincering and
marketing tests are then incorporated into a product planning matrix that
cnables the company to evaluate its own product in relation to customers’
preferences and competitors' perfermance. The purpose is to identify arcas for
improvement and to sct targets designed to beat the best of the competition.

An example of such an exercise is found in Figure 4.3, The information
shown there refers to an imaginary makcer of disposable cigarcite lighters, EZ-
1.ite. Thisfirm has made a comparison of its own product with those of its major
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rivals (Flamo and Handymatch). First. arepresentative group of customers was
interviewed and asked to indicate the product charactenistics they value most.*
The most frequently cited charactenstics were: long service, reliability, an
casily adjustable flame height. and a small. compact size. Customers were then
asked to rate each of these characteristics. EZ-Lite received a low rating in the
two most important categories (long service and reiability).

Armed with this information, EZ-Lite’s engineers isolated the functional
characteristics of disposable ighters that most closely corresponded to custom-
ers” demands. Relationships were rawed as very strong. strong, and possible.
For example. the functional charactenstic, “lighter fluid volume and composi-
tion’. is very strongly correlated to long service. Engineers then translated each
functional characteristic into its technical equivalent and used this data as a
benchmark in the product planning matrix. Reverse engineering revealed that
EZ-Lite contains more fluid (5 mls) than other lighters and that EZ-Lite is the
only one using 100 per cent butane as fluid.

Based on this exercise, managers concluded that the company had lost touch
with its customers. The firm had the lowest market share (18 per centy and had
recently launched a new range of lighters with different colours and attractive
patterns on the plastic casing. The marketing staff had erroneously assumed
that a more attractive nghter would take sales away from rivals. Handymaich,
the long-time market leader. already knew colour and design were not impor-
tant to customers and oftered only three basic colours. One result of this
excrcise was that EZ-Lite scrapped its misguided efforts to improve appearance
and turned its attention to other, more important product characteristics.

The quahty deployment exercise also revealed crucial areas that needed
improvement. For instance. consumers place much value on long service and
EZ-Lite was inferior to its rivals in this regard. Testing showed that the mixture
of lighter tluids used by the company was more expensive than that in other
lighters and burned more quickly. thus reducing the useful life of EZ-Lite’s
product. An optimal mixture would have a smaller proportion of butane, By
making this adjustment, the company cut its costs and dramatically extended
the lifetime of its lighters.

The company also lagged behind in another important field. product reliabil-
ity. EZ-Lite’s engincers repeatedly tested the flint and lighting mechanisms of
the three producis and found them to he virtually identical. Eventually, they
concluded that the durability of the flints and lighting mechanisms of all
products performed well and outlasted the life of the fluid in all lighters. EZ-
Lite returned to the consumers and after some effort found that many confused
long service with reliability. If a lighter ran out of fluid quickly, consumers
simply assumed that the brand was unreliable and based their impressions of
the product on that assumption. This fact impressed EZ-Lite’s managers who
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redoubled their eftforts to combat the problem. An carlier suggestion by a
customer — to use a clear plastic casing as a visual signal indicating low lighter
fluid — was adopted and subsequent ratings of EZ-Lite s reliability were vastly
improved.

In conclusion. quality deployment. reverse engineering and product plan-
ning matrices can be an invaluable part of a company's effort to improve s
competitive position. The t2chnique helps a firm to stay abreast of customers’
preferences and to avoid product designs which do not satisfy these prefer-
ences. Quality deployment can be especially etfective in mature markets where
product characteristics and brand reputation may be more important than price.

POLICY DEPLOYMENT

Incremental improvements percolate up from the shop floor of the CIF. but
strategic planning is the responsibility of executives and filters down through
the ranks. Managers can make use of a technique known as policy deployment
(PD) to achieve this goal. The process begins with a reassessment of medium
and long-range plans for improvement. These plans may refer to any number
of areas such as profitability. cost. quality and delivery. and will be defined over
a period of time ranging from one to ten years. PD succeeds by first translating
this strategic vision into quantifiable goals and tangible plans for each depart-
ment or function. The results are then passed down through the ranks in the
form of annual PD plans.

Managers and workers at each level of the organization assign improvement
priorities to support the annual plan. Once these prioritics have been deter-
mined, th- tasks necessary to achieve cach goal must be identified and agreed
upon. The improvement activities of every department should be expressed in
terms of measurable changes in production processes. Progress is carefully
monitored, data is collected and results are periodically posted around the
factory. While each department pursues its own goals, cross-functional teams
will coordinate plans across staff areas.

In addition to the annual plans, a general PD planis giventocach departmen-
tal manager. It will cover several points such as top management's long-range
policy and strategy, results of previous plans and the improvement responsibili-
ties of the department’s managers and workers. The departmental head s
expected to discuss the general plan with superiors and subord nates. Eventu-
ally, everyone in the organization will be aware of at least four or five strategic
aims of the firm.

PD audits arc usually conducted by departmiental heads on a monthly or
yuarterly nasis. When goals are not being met, managers and workers review
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the data and devise a different approach to the problem. If results exceed the
current goals, the reasons for success are identified and eventually incorporated
imo standard precedures. Top managers will often carry out their own audit
r.nce or twice a year. The chief executive remains in touch with supervisors and
workers on the shop floor in order to verify their understanding of the PD plan
and the improvement process. The insights gathered by managers and
cxecutives during these audits are used in the next round of planning.

PDis ameans of converting the long-term vision of managers and executives
into concerted action at all levels of the firm. Strategic thinking filters down
through the firm in terms of increasingly detailed tasks and goals. Importantly.
agreement among all participants will have heen reached on nrocedures.
timetables and responsibilities, and no one will be assigned a task without also
being given the 1ools and measures to perform it. Each individual becomes an
integral part of peiicy execution with horizontal and vertical tlows of informa-
tion allowing for coordination between units.”

Top managers of mass productior firms are just as concerned with strategic
management as their counterparts in a CIF, but there are key differences in the
way the two groups implement their ideas. Fo. instance. in many mass
production firms top executives are the only ones engaged in srategic planning.
Subordinates are not invited 1o participate and suggestions may be scen as a
violation of their responsibility. Nor do lower-level managers and workers get
the opportunity to participate in the pianning process. The lack of communi-
cation will be apparent when executives adopt geals like “zero defects’, or
team work ™. Workers and middle masnagers are unlikely to receive guidance
about how to achicve these aims; not surprisingly, the results are often
disappointing.

TEAMS AND GROUPS

Small groups and teams become more important as a manufacturer gains
experience incontinuous improvement.* Firms tha. are ssovices inthis field will
have other concerns — notably, training and the simplification of production
processes — but for those with considerable expertise in CITs, the creation of
multi-skilled teams offers several advantages. By bringing together workers
from different staff areas, the firm builds up a broader, cross-functional
perspective among participants. Teams include staff with long experience as
well as relatively new eraployees, anixwre which encourages the transmission
of valuable experience and informal information.”

The best-known method of tcamwork s the quality control circle (QCC). A
typical QCC will include no more than ten volunteers, aleng vwith a supervisor
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who serves as group leader. These groups can sometimes determine which
objectives to pursue and usually have the authority to enact any changes they
propose. Such freedom helps to sirengthen the tcam members” dedication and
willingness to collaborate.

QCCs have had their greatest successes in Japan, but many analysts are
uncertain that similar results can be achieved elsewhere. Some argue that the
QCC:s rely on a consensual approach to decision-making which is unique to
Japan. Otters see these groups as a form of grass-roots involvement where the
worker is the main source of most improvements and one of the primary
responsibilities of 2 manager is to encourage worker creativity and effort. Such
a management style may be alien to some cuitures. A more positive interpre-
tation is orfered by other investigators. They see the method as a potent form
of worker democracy and employee involvement. With careful planning and
preparation, the technique should be transferable from one country to another.

Given this mixture of opinions and assessments, it s not surprising that there
is some confusion about the role QCCs should play in a programme of
continuous improvement. Many managers assume that formation of these
groups will automatically provide an “injection’ of continuous improvement.
The danger with this view is that once the groups are established. they are left
to operate without managerial support. They frequently become just one more
compartmentalized activity to which top managers delegate the responsibility
for improvement. A more successful outcome can be realized wien managers
demonstrate an active interest in the work of QCCs and provide the required
resources and support, but make clear that the group has its own agenda and
responsibilities.

Another potential source of difficulty is that the concept of QCCs is based
on a view of workers’ responsibilities tha is unfamiliar to managers. They
frequently assume that production problems can invariably be attributed to the
actions of individuals. However, the performance of workers is conditioned by
the production system in which they work. The search forimprovements by the
QCC focuses on this system and the production processes it encompasscs.
Teams are exr “cted to gather relevant data and facts upon which to base
decisions rather than rely on the subjective impressions about individuals. '

Other problems can . .sult from poor planning and lack of preparation when
the firm first establishes QCCs. These difficuitics can be avoided, or at least
minimized, if several preparatory steps are taken:

»  The significance of QCCs shoula be fully understood and supported by
top management. The groups have considerable autonomy, but still
depend on guidance and support from above. This supportis understoond
in Japancse firms, but is frequently lacking in other industrialized
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countries where the failure rate for QCC programmes is high (see Hill,
1991. pp. 541-68).

e  Firms having no previous experience with QCCs should begin with
introductory semirars and conferences. These should be attended by top
managers. technical personnel and selected supervisors and clearly spell
out the firm’s goals for the pregramme.

e The first QCTs should be composed solely of supervisors. They can
gain valuable experience, while demonstrating to workers that manage-
ment is serious about QCCs. The QCCs can be reconstituted later with
supervisors as leaders.

e  The groups should use improvement manuals for study and discussion
before they move on to concrete ideas about improvements in the plant
and its manufacturing processes. Three to six inoaths will be needed
beforz supervisors can assume effective leadership and workers are
confident enough to give their opinions frecly.

e  The cffectiveness of QCCs depends on an ongoing programme of
training. With experience, team members should be able to determine
the main problems. isolate potential causes and identify sources of
difficuity. They should also be capable of devising solutions and then
retaining the gains which have been made by using modern control
methods (Koura, 1972, pp. 16--17).

e Once a solution has been identified and becomes part of standard
practice, the QCC should move on to another problem.

Inconclusion, QCCs are an invaluable source of nrogress, but they cannever
ensure that the firmis a competitive success. The major determinants of higher
quality and greater efficiency relate to managerial policy and strategy, design
capabilities. vendor relations, and other critical vanables that are beyond the
influence of supervisors and workers (Juran, 1988, pp. 57-61). Only top
management can produce changes in these arcas. When significant progress
has been made. the prominence of QCCs will diminish. In fact, the approach
wi'l eventually be discarded. even in companies where the groups have
performed superbly. The leaders in continuous improvement will be able to
replace some of the more formal clements of QCCs with more effective
routines such as roving improvement teams and frequent meetings on the
production hine. By that time. the ultimate purpose of the QCCs — to
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effectively blur the artificial distinction between "thinking' and "doing” — will
have becn achieved.

TOTAL PRODUCTIVE MAINTENANCE

Like product defects. machine malfunctions adversely affect costs. efficiency
and customer satisfaction. In the CIF, machine malfunctions are viewed not as
anormal occurrence but as a process breakdown that is preventable. A primary
goal is to eliminate malfunctions entirely in order to avoid equipment down-
time. This step is necessary before the firm can move on to more streamlined
methods of manufactiring and JIT forms of inventory control. Suchtechniques
require that machinery be available ondemand, almost continuously (Takahashi
and Osada, 1990).

Total productive maintenarce (TPM) is the tool used by the CIF to prevent
malfunctions." Though it is not always apparent, the performance and
condition of machinery directlv reflects the behaviour of people in the firm. For
example, if a machine suddenly breaks down the immediate cause is usually
easy to discover. Suppose a seal ruptures, allowing oii to escape which causes
machine damage and interrupts production. At first glance the cause of this
malfunction is clear: a ruptured seal. But a manager who follows TPM will not
be content with such a simple explanation. A whole series of probing questions
are asked before a decision is made about the real cause of the problem (see
Box 4.2). Such dogged investigation usually reveals that the true source of the
problem is a combination of factors involving not just production-line opera-
tors but supervisors or managers as well.

Machinery malfunctions can generally be traced back to one or more of the
following causes which TPM is designed to address (see Suzaki, 1987, p. 116):

¢ poor maintenance of machinc requirements, such as sloppy housekeep-
ing, oiling or bolt-tightening;

¢ failure to maintain correct operating conditions, for example, ignoring
abnormal temperatures, noise, speed, vibration or torque:

o low levels of worker skills and training in the proper cperation of the
machinery, maintenance-crew errors, and the like;

e dcterioration of equipment, wearing-down of bearings. gears, fixtures
and so on;
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Bon Ideatifyimg the ‘true’ reasons for machinery breakdowns
When a machine breakdown or some other problem occurs, mvestigators in the CIF
often ask ‘why’ five times. In this way the ultimate causes of problems can be batter
revealed.

Problem: A broken seal

1) Why did the scal break? There were fine cracks in the seal.

2) Why was the seal cracked? It was overdue for replacement.

3) Why was the seal not replaced on time? The operators did not alert the
maintenance crew.

4) Why did the operators not alert the maintenance crew? The supervisor told the
operators to forget about maintenance and keep the machines running.

S) Why did the supervisor tell the operators to ignore the maintenance schedule?
The supervisor was told by the production manager to do whatever was required
to ensure that the shipment left the factory as scheduled.

e  poorly designed machines or processes.

TPM derives from the premise that machine problems are caused by people
and thosc who use the equipment should have the primary responsibility for
maintenance. Operators are trained to maintain normal operating conditions,
to perform routine preventive mzintenance, to inspect their machines daily, to
clean their machines on a routine basis, and even to perform basic repairs.'
This training helps workers to identify the early signs of trouble. They lcarn
about odd noises, speeds, odours and so forth that can signal impending
problems. TPM teams made up of operators and maintenance personnel will
discuss hypothetical problems that can arise, ways of identifying these prob-
lems and actions designed to climinate them.

Operators are expected to carry out a daily programme of equipment
inspections which includes routine cleaning and careful observation to detect
any obvious leaks or noises."’ In some plants *machine handkerchiefs’ are used
to wipe down the machinery. This practice reveals leaks, cracks, blown seals
and other problems before they cause trouble. Cleaning and inspection of
machines by operators arc the two most important activities for discovering
abnorma! conditions.
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Firms embarking on a programme of TPM will typically proceed through
four basic phases of machine maintenance. Early in the first phase, managers
and operators encounter the legacy of neglect due to poor maintenance
practices. Machines have not been properly oiled, equipment is not correctly
adjusted, parts are dangerously worn, and bolts need tightening."* Machines
need to be cleaned and a routine of basic maintenance procedures for operators
should be installed. Work may also be needed to restore the machinery to its
original level of performance. In the second phase, machines are operated
under prescribed conditions and subject only to normal wear and tear. Regular
preventive maintenance begins to yield the benefits of sharply reduced down-
time. In the third phase, efforts to maintain machines in optimal operating
condition are conducted on a continuous basis and include the intervention of
operators to prevent abnormal conditions. Operators will be able torepair many
problems themselves. Visual aids are used to show proper equipment scttings
and operating practices. Lines can be painted on the machines indicating the
correct positiop for tightened bolts and other simple instructions. Simple
devices are placed on machines to preven: their use unless proper procedures
are being followed. Certain parts may even be redesigned or modified toextend
a machine’s life. In the fourth phase the condition of machinery is constantly
monitored by operators. The purpose is to ensure that timely maintenance is
performed and that information is available on thie time lost due to set-ups,
machinery adjustments, poor yields and defectives (see Box 4.3). Diagnostic
equipment is used to forecast the life of machine parts and the quality of the
product. Many plants employ in-house personnel to design and manufacture
equipment and parts which will increase machine efficiency. Allthese tasks are
supported by acircular flow of information among machine operators, machine
designers and manager:;. These tcams use various tools of continuous improve-
ment, such as the 5-S movement, graphs and statisticai methods to devise new
ways of improving equipment performance.

JUST-IN-TIME MANUFACTURING

One of the most powerful technologies to be perfected by practitioners of
continuous improvement is just-in-time manufacturing (JIT)."* Developed by
Toyota Motors, the technelegy is the outcome of more than 30 yesrs of work
and cxperimentation. The original purpose was to eliminate the build-up of
inventories of work-in-process (WIP) but the modern version of JIT is more
ambitious. It has evolved into a highly sophisticated exercise, requiring
coordination between several different techniques and methods.
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Box 43 Monitoring the effectiveness of machinery and equipment

As the firm becomes mace experienced, the goals of its maintenance programme will
be extended to maximize the operating time of machinery. In this more comprehensive
form, TPM has led to various measures f machine effectiveness. One is the ideaof a
‘theoretical cycle time’ which assumes that the set-up is done very quickly (usually in
10minutes or less). Anotheris theactual cycle time which includes runtime and actual
set-up time. These indicators are used in combination to determine the effectiveness
of equipment as shown below. By assuming such a short theoretical cycle time, the
measurement is extremely rigorous (see Rodriguez, 1992, pp. 155-6):

Equipmem. = Machine x  Performance x Rateof
effectiveness availability efficiency quality

Plannedtime Theoretical
= —downtime x cycletime x  Good parts
Plannedtime Actual cycle time Parts produced

Since the 1970s firms in industrialized coustries have competed for a preventive
maintenance prize. Japan'srecent winners have had equipment effectiveness ratios of
over 85 per cent. The best plants in the United States usually report ratios of around 70
per cent, while the average in that country is 25-30 per cent.

Though it has attracted great intcrest, the goal of JIT manufacturing has
prove., to be clusive. There are several reasons for disappointment.  First,
s'iccess often requires that the firm alter its siructure and organi. ational form
but managers are reluctant to do this (see Chapter 3). Second. many would-be
users focus only on JIT's more obvious and casily replicated features (for
example. the plant 12vout and machinery) while ignoring the softer forms of
technology described in this chapter. Yot the latter are essential 1€ the dies. jigs,
scelf-stopping machinery and other *hard technologies™ are to function properly.
Third. some managers assume that JIT is a method of inventory control and
nothing mere.  That view lcads them to place great cnphasic on certain
clements of the technique but ignore others. These firma usually manage to
reduce inventories, though many of the other benefits of JIT will be forgone,
inally, managers may expect JIT to provide a significant measure of “pioduc-
tion flexibility”. meaning that their plants can shift quickly and cheaply from
one product mode! to another and profitably operate at moderate (rather than
high) rates of capacity utiliation. In fact. a firm must afrcady have such
capabilitics before it attemipts to introduce this technology. JIT will not create
praduction- flexibility: and without it, the firm can never maximize the benefits
of this procedure.
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The drive to achieve production flexibility can be thwarted by a breakdown
or unsynchronized operations in any part of the manufacturing system. Some
of the more common obstacles have been noted by Takahashi and Osada (1990,
pp. 14-15). They include:

+ long staging or set-up times for changeovers which lead to a build-up of
WIP inventories and force interruptions in work further down the
production line;

e  variations in the capabitities of different work centres which cause WIP
to accumulate at various points in the production line;

¢ an imbaiance in the work loads of two consecutive operations which
inflates inventories or disrupts subsequent operations;

e a high number of defects in one operation which disrupts subsequent
operations or requires a buffer stock for componenrts and parts;

* frequent equipment breakdowns and long repair times;
» high rates of absenieeism and persounel turnover;

¢ unsafe equipment or other practices that have a negative impact on the
flow of production.

What are the most important circumstances which must exist if obstacles
such as these are to be avoided? They include: (i) abbreviated changeover times
and defect-free production lines; (i1) production methods which are ‘lean’ and
discourage inventory build-up: (iii) an cffective system of inventory control;
and (iv) a close working relationship with supplicrs. These conditions are
prerequisites for a comprehensive and tully effective system of JIT manufac-
turing and are discussed below.

Reducing Changeov-r Times and Defects

The insistence that set-ups and changeovers be carried out swiftly stems from
the need th maximize process cfficiency. That concept takes into account beth
the tim. spent werking on materials and the time materials are in the production
system but no value is being added. When machinery set-ups and changeovers
arc lengthy, process efficiency is reduced. Quick changeovers notonly prevent
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inventory build-up but smooth out the production runs of suppliers, making
them more process-efficient. Such a view is alien to many mass producers
where changeover costs are treated as unavoidable. Accordingly, the latter
firms opt for long production runs in order to maximize operational efficiency
(for example productivity per worker or per machine). This tactic minimizes
the need for changeovers, though 1t generates non-production costs. Long
production runs are operationally cfficient, but are process-inefficieat.

Along with reduced changeover times, the firm must ensure that production
is free of defects. One way to ensure that defects do not impede production is
to install machinery that automatically shuts down before defects are pro-
duced.' Such machines are netther expensive nor complex, and offer several
advantages. Their installation allows the firm to develop U-shaped multi-
machining areas which are attended by only one coerator. That configuration
is superior to the siraight-line layout favoured by mass manufacturers which
require cne Derson per machine. The result is a large increase in labour
productivity that is not necessarily based on harder or faster work but on
organizational innovation. Workers and supervisors also have more time and
energy to solve problems and search for improvements.

These two goals, abbreviated changeover times and defect-free production,
loom especially important in today’s rarkets where dema..d can shift rapidly
and customers are increasingly discriminating. Because it can quickly shift
trom production of onc product model to another without incurring large costs,
the JIT manufacturer is better able t¢ accommodate customers’ preferences.
And by relying on small znd inexpensive machines, it is capable of operating
atless than full capacity. The results are a reduction in total production time and
shorter production runs. These savings outweigh the costs incurred when
inexpensive machinery stands still.

Rigorous Systems of Production Control

By organizing itsclf to achieve operational cfficiency, the mass producer
encounters problems whenever customers’ preferences shift unexpectedly or
demand contracts. These firms depend on a *push system’ of production which
mov=s parts and materials along a production line as workers wait to perform
tie next step. Conveyor belts determine the pace of work ir plants designed to
accommodate large and expensive machines that speed throsghput over long
and relatively predictable production runs. Managers strive .o balance the
distribution of work along the production line in order to maintain a continuous
flow but precision is rarcly achicved. Costly buffer stocks accumulate at cach
production stage. The uncertainty of demand and the need to operate near full
capacity lead the mass producer to produce large quantitics of finished products
‘just in case” (see Drummond, 1992, pp. 120 -25).
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In contrast to the mass producer’s push system. JIT "pulls” material down the
production line. Items are produced only when they are required by the
following step in the process. Operators signal their readiness for new material
and so avoid the accumulation of WIP. With no WIP or buffer stocks. a
defective part can not be replaced and the operator must stop the production
line. The work site and operator responsible for the defect are identified and
immediately alerted to the problem because the production line comes to a
standstill. Such a system ciearly requires rigorous control over manufacturing
processes and quality, as we!l as the underlving levels of variation (see
Box 4.4).

Effective Systems of Inventory Control

JIT manufacturing is based on stringent methods of inventory control. One of
the most popular is the Japanese version known ac “kanban’, whict. means
“visible record” or ‘visible plate’. First developed by engineers in Tovota
Motors. kanban is not just a powerful form of inventory control but also a
catalyst for discovering improvement opportunitics. Kanban cards act as a
visual source of information for inventory control. producticn volume and
other data. Typically, there will be a special container designed to hold a small
quantity of every component used by operators. For each container there are
two kanban cards which list part numbers. container capacities ard other facts.
One card serves the work centre which produces the parts while the other is for
the operators who handle them. When a container is empty, the kanban card is
returned ‘o the source of supply where it acts as a visual pull-signal.

Kanban svstems will be different. though most firms adhere to a basic set of
rules. First, operators can only obtain parts from an upstream process that is
identified and described on the attached kanban card.  This requirement
imposes the discipline necessary to achicve the smooth flow of parts and

Box 4.4 Applicability of ‘pull systems’ of production control

Several pre-conditions for snccessful installation of a pull system are noted in the text.
In addition, such systems may not be appropriate in all cases. First, aportionofafirm's
production must involve the manufacture of identical or highly similar product groups.
Pull systems could then be used to make these components or items, though not others
produced by the firm. Second, it must be cconomically advantageous for the firm to
operute aset of macnines dedicated tothese types of repetitive operations. Production
cells relying on pull systems can then be set up to produce those components, parts or
products which satisfy these requirements (Ray, 1992, pp. 181-90).
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material. Second. operators can only produce those parts requested by kanban
by downst eam users. Finally, to eltminate unnecessary overproduction and
time. no materials can be requested or rroduced without a kanban card.

The number of kanban cards is carefully monitored by managemert: too
many cards may indicate a wasteful build-up of inventories. Managers will also
gradually reduce the number of cards in circulation, hoping to expose waste and
more iightly link the production process. The tactic. which amounts to the
intentional creation of problems. is an effective way to identify wasteful
practices that can be eliminated or redesigned to reduce time spent in storage,
transport, or production.”’

Cleose Links with Suppliers

Many disruptions to the smooth flow of production lines may originate with
external suppliers. Close contacts with these suppliers are essential if JIT
manufacturing is to succeed. The boundaries separating the manufacturer from
its suppliers gradually become blurred through cooperative arrangements in
design, process control, R&D. cost reduction and training. Production teams
often include representatives of different firms in the supply chain.

The demands placed on suppliers can be considerable. They are expected to
dehiver precise numbers of components, parts or materials to a designated point
of use. These deliveries must be frequent and aiways in small quantities.
Supplicrs must also satisry rigorous quality specifications so there is no need
to inspect incoming materials.  JIT manufacturers work closely with their
suppliers to meet these goals but few have been able to maintain such tight
relationships for an extended period of time.

The requirements of JIT manufacturing cventually take a toll, creating
strains between buyers and suppliers.  When a manufacturer dominates a
particular market, it is able to dictate to suppliers, but this tactic does little to
encourage the long-term cooperation which JIT requires. If buyers choose to
implement the method coercively, suppliers will resent what they see as
interference or ruthless price bargaining. Another common complaint of
suppliers is that they must bear the cost of having to deliver small amounts at
frequent intervals. Frequently, suppliers will simply be unwilling to go through
the effort to improve. Such disputes are cvidence that there has not been
adequate communicatior and preparation between ine customer and supplier. ™

In conclusion, JIT manufacturing is vulnerable to supply interruptions and
failures but it has also established the usc of time as a key competitive metric.
It is not an option to be vonsidered by the new practitioners of continuous
improvement. However, for the experienced firm whic, has alrcady attained
a high degree of production flexibility through organizational innovations and
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improvement, JIT is a valuable means of achieving competitive superiority.
More than any other technique. it dramatically demonstrates that improved
process and product performance can occur simultaneously with reduced cost
and greater flexibility.

NOTES

[

1.
12

Also known as the Shewhart cycle and the Deming wheel. there are several versions of this tool.
A slightly different application calls for the firm to establish a standard for the product or process
before considering its options for improvement.

This idea has a long history. Henry Ford discussed this concept at length during the 1920x and his
writings on the subject were intensely studied by Japanese automobile manufacturers (Suzaki,
1987. p. 10).

In assembly operations, a defective component can require the complete disassembly of the
product with additional parts being needed to complete the product.

The 5-S movement takes its name from the innals of five Japanese words: seiri (straighten up).
seiton (put things in order): seiso (clean up). sekersu (overall cleanliness): and shitsuke
(discipline).

In addition to its other distinguishing characteristics. QD places a high priority on information
exchange between the various groups involved tn projects. The conventional approach to product
development assumes that customers will indicate their pre ferences to the marketing department
where these are analysed and then relayed (o those responsible for design engineering. The Iatter
group designs the product and passes it on o the manufacturing department which is expected to
make 1t. The conventional approach allows few opportuntties for information exchange.

A representative group should include pipe smokers, cigaretie smokers, and customers who use
lighters for harbecue grills, fireplaces or gas bumners. Each group would have slightly difterent
product requirements.

The reader should not confuse the idea of policy deployment with the nival approach of
management by objective, which is discussed in Chapter 3.

Because many of these firms are alrcady experienced practitioners of CIT, the tcams and groups
they establish will be employed to fine-tune a production system that is alrcady running smoothly.
In several countries employces come from different ethnic. religious, tribal and sociocconomic
hackgrounds. A history of antagonism between different proups can often be observed in the
workplace and is inimical to coptinuous improvement. In addition to the normal benetits. group
work may contribute to the lessening of tension and increase group cohesion.

. The CIF will already have provided ample training which enables the team o identify the main

problems, isolate the potential causes, and thei identify the real source of difficulty. Team
members arc capable of devising solutions and then retaining the gains which have been made by
using modern control methods (Koura, 1972, pp. 16-17).

Similar programmes have been referred to as Total Preventive Maintenance

The operator’s daily regime begins with a thorough personal examination of the equipment. There
may be adetailed check-hst to go through to ensure that the equipment daoes not fail during the day.
Such a routine is similar to the double-checking of aircraft done by commercsal aviation. In fact,
CIFs often refer to the extresely tow number of critical machine failures in the airline industry as
agoal worth copying on the shop floor. This idei is unfamiliar to many mass producers whoassume
that machines breakdowns are a normal part of the manufacturing system. The use of buffer stocks
is justified by that interpretatic.n (Schonberger, 1982, pp. 136- 7).

. A warker's machine often has a sign wath his name on it which signifies responsibility for basic

inspections and matnicnance.

. The signtficance of simple activities such as bohi-tightc ming can not be uaderestimated. One firm

in Japan found that by re-tightening tens of thousands of bolts, onc at a fime, then machine
hreakdowns were reduced by 8O per cent (Suzaki, 1987, p. 11,
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. This technoiogy goes by several rames which are used interchangeably. Other examples are: pull

systems: stock-

ss manufacturing and kanban. Vartous techniques hke cellular manufactunng.
bhalanced production operations and JIT delivery ofter a path to JIT forms of manufactuning.

. Suchmachines were invented by Sakichi Tovodam the early years of the twentiethcentury. Toyota

began as a textile foom company and became successtul because of the automatic self-stopping
toom which revolutioni,.cd weaving (Navak and Ketteringhan, 1986, p. 217).

The kanban system and vther methods described here can be effectively suppiemented by simple
methods of mistake-proofing. known in Japanese as “pokayoke”. There are thousands of such
simple cxamples of pokayoke improvements — such as designing parts so that they can only be
assembled the correct way, or the design of a storage device that chiminates miscounts by only
allowing the storage of the correct number of pants (Huge, 1992, p. 149). Many of the most
effective pokayoke improvements come from workers and their immedrate supervisors. The
quality control circle has been a prime source of this kind of production-hne improvement.
Pokayoke is an effective way of aiding the flow of non-defective parts that is required by JIT.
In many parts of the world the rudimentary state of manufacturng and the lack of hasic
infrastructure makes JIT manufacturing exceedingly difficult.




5. The Statistical Tools

The process of continuous improvement involves a countless number of tiny
adaptations or innovations in daily operations. These modifications are an
invaluable source of competitive strength, but they can not be undertaken
haphazardly. Some framework is needed to icentify the truly important areas
which need improvement, to separate the essential from the not-so-essential,
and to ensure that adaptations do not have contradictory effects. A number of
statistical tools and methods exist for this purposc and are discussed in this
chapter. They provide the objectivity needed to ensure that progress it genuine
and lasting.

Many plants wiil have statistical charts and graphs hanging from every
machine as well as posters exhorting workers to increase quality and reduce
defects. These may leave the impression that quality and improvement are
overriding goals of the firm. But all too often, senior managers delegate their
responsibilities to subordinates. doing little or nothing to improve the produc-
tion system. By themselves, engineers can not sustain a programme for
continuous improvement in products and processes; nor will the workforce
receive the direction and guidance they require. In these circumstances
statistical methods more closely resemble a form of damage control rather than
a means of continuous improvement.

Without the active involvement of senior managers, programmes for con-
tinuous improvement may actually have negative consequences. Many em-
ployees immediately assume that the firmis notrealty committed to these goals.
Line workers lacking training in basic statistical methods tend to regard the
charts and statistical methods as just another form of work appraisal, as ameans
of eliminating workers, or an effort to get more from cach employee. In some
cases they are right. Many supporters of quality control and programmes for
continuous improvement have become disenchanted, mistakenly concluding
that the methods themselves are ineffective oroversold. The negative reactions
voiced about programmes for total quality control (TQC) and the like may he
traccable to such misapplications.

The statistical tools described here are a crucial part of the day-to-day
operations of firms in industrialized countrics. The same sorts of programnices
have yet to he adopted by many manufacturers in developing countries. Yet
these statistical tools may he especially suitable for factories in that part of the
world since they do not require new equipment or substantial investments,

8
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Indeed. this is one of the main reasons why Japanese manufacturers were so
quick to introduce statistical procedures following the Second World War.
Japanese experts realized that statistical quality cortrol was an effective way
of upgrading process performance and product quality without huge spending
on new equipment (Mann. 1989. p.16). Many firms in developing countries
find themselves in a similar situation today. They lack the finances to enlarge.
modernize or automate their operations, but they can still make great strides
through effective use of statistical methods.

This chapter provides a general introduction to statistical process control
(SPC). The presentation is aimed at readers with littie or no staiistical training.
though it is not intended to be a primer on SPC. Its purpose 1s merely to
demonstrate how these tools are used and what they are supposed to accom-
plish. Ultumately. the firm’s workforce (including management) will require
formal training in these methods, if thev are to be applied in dav-to-day work.

MONITORING VARIATION IN MANUFACTURING
PROCESSES

The statistical tools at the manager’s disposal are intended to help him deal with
the ubiquitous problem of variation. The theoretical gnal is total climination
of variation from all manufacturing processes and operations carried out by the
firm. In a practical sense that objective will never be reached.  Successful
implementors of CIT will doggedly pursue this clusive standard nonctheless,
confident in the knowledge that a constant stream of minor improvements will
cnsure their firm's ability to compete with all rivals.

Variation is the result of acomplex interaction between workers. procedures,
materials and equipment.  And it can exist within any part of a production
system. The firststep in the monitoring excrcise is to distinguish between two
broadly different types of variation.  Both were defined and Jescribed in
Chapter | butitis useful torevisit these ideas here. The first. known as comemon-
cause variation, is attributable to any sources that are common to the manufac-
turing system (see Figure 1.1). These disturbances affect every part of the
manufacturing system and will persist until remedies are found. Variation can
also be due to special causes. Unlike common sources of variability. the latter
types of disturbances occur only intermittently.  They may be attributed to
worker behaviour, methods of operationor equipment variations. Whatever the
reason, special causes are due to events that are beyond the firm's usual
cxperience.

When both common and special catses exist. the situation is confused. The
amount of variation in the manufacturing system or process is not predictable;
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nor is the proportion of unaccepltable or defective outcomes. Insuch acase the
operation is regarded as "out of conirc V. The first priority is to eliminate special
causes of vanation. Once this is done, the system is said to be “in control’.
meaning that it is subject only to common ¢ ¥ :ses of vanation. Such acondition
is still far from the ideal — in faci. performance may continue to be erratic.
unreliable or wasteful. The distinction 15 important nonctheless. The actual
process of continuous improvement ¢ not begin until special causes have
been eliminated and the system is in control.

Definitions of the two causes of variation are clear enough but in practice it
can be hard to distinguish one from the other. One danger is that managers rely
on casual inference to identify the cause of problems. In that case. most
deviations — for example, a defective product or inferior performance in a
particular manufacturing process — tend to ke treated as one-time occurrences.
Such an approach makes ro distinction b2tween common and special causes.
leaving the manager with few clues about where to search for the underlying
problem. Another source of confusion is the tendency of managers to adopt a
pragmatic approach. focusing attention on specific manufacturing proc2sses or
outcomes. In fact. the philosophy of continuous improvement stipulates that
the search for sources of variation extend to all parts of the production system.
The piccemeal approach of many managers is often translated into the use of
numerical standards to measure performance. Standards may be set for vartous
purposes. For example, they may specify output goals. define the results ef
*best practice” or determine the ideal fevel of effort and performance.

Figure 5.1 illustrates how inappropriately constructed standards of perior-
mance lead to erroncous conclusions. Standard A represents the firm’s best
guess of output per worker hour among the industry’s leaders. Attempts to
match this standard could have disastrous results for the firm if the real reasons
for fluctuations in labour productivity arc not first addressed.  Similarly.
standard B is based on the firm’s own figures for output per worker hour and
may be set too low. The results of incorrect performance standards can lead to
managerial complacency and poor worker morale.

It managers have hittle idea about the statistical stapility of & manufacturing
process, the adoption of inappropriate numerical standards can divert attention
from more critical problems. Even worse, wuch standards can have a negatis e
Impact on costs in several ways:

e they can lead to wasteful types of remedial action or Gail to address the
true source of problems;

e they may contribute to a deterioration in the quality of oacput and lead
to the stagnation of employees™ skills:




84 Bevond Quality

Figure 5.1 Meusuring variation by numerical standards
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o they can result in conditions where maintenance of machinery and
equipment is neglected or where cooperation between different parts of
the organization is jeopardized.

One example of these negative consequences arises when inappropriate

targets for throughput are adopt=d. In such a case operators may be inclined to

- release material of poor quality simply to boost their output. Throughput would
rise, but the actual yield could still fail as defects and rework escalate. The true
costs of this misjudgement are even greater when defective or low-quality items
are sold to customers. Less obvious are the opportunities forgone because
inappropriate standards focus workers’ attention not on improving productiv-
ity but on meeting short-term production targets.

Similar dangers exist when operators choose to run machinery without
adequate maintenance. In order to meet or exceed their quota, workers on one
shift will be tempted to defer maintenance and exhaust all work-in-progress.
Those on the following shift then face a longer and more complicated start-up
and greater down-time for maintenance. These problems are compounded if
managers choose to treat each work shift as an independent competitor, pitting
onc group against another to spur higher production.

In general, management's failure to adopt a very broad or system-wide
perspective reduces workers' incentives to share knowledge and to ensure the
smooth transfer of responsibilities across shifts and departments. Organiza-
tions that do not capitalize upon the enormous reservoir of creative ability and
production knowledge of workers and cngincers squander their opportunities
to improve. Ironically, if managers were to utilize their machinery as ineffi-
ciently as they handle their staff, they would be regarded as grossly negligent.
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IDENTIFY :NG SOURCES OF VARIATION

The types of problems discussed above will occur when managers know very
little about the critical characteristics of their manufacturing processes and
production systems. Yet there are several simple tools which can help them
identify the causes of variation and obtain a better understanding of their
systems. Five of these tools are discussed here:

e  process flow charts

¢ check sheets

¢ Pareto diagrams

e cause-and-effect diagrams
*  histograms

Process Flow Charts

The search for sources of variation often begins by outlining the sequence of
steps occuiTing in a particular manufacturing processes. Process flow charts
serve this purpose. They can be used to: (1) identify vninecessary or wasteful
steps in the process, (i) convey a clear picture of workers’ responsibilities and
their impact on the process, and (iii) provide a framework for discussion of key
issues which can laier be resolved by the workers themselves. In fact, a series
of charts are usually required to capture all the kinds of process information
required. As work proceeds, these are updated and more detail is added (see
Box 5.1).

Construction of a process flow chart can proceed according to the following
steps:

*  Determine the process boundaries. The first step is to identify the
beginning and end of the manufacturing process, along with all the
associated inputs and outputs. Next, the different departments and
functions involved in cach process step must be determined.

*  Create aflow chart for the process. Using information gathered from
managers, engineers, supervisors and line personnel, a chart showing
the sequence of steps in the process 1s constructed. Even at this carly
stage, it will be critical to see how workers from different shifts and
departments view the overall process. Such shared information is fertile
ground for continuous improvement. The first version of the chart tends
to be fairly general but gradually more details are added. As work
proceeds, different departments create their own versions of the chart.
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Box 5.1 Creating a flow chart: the symbels and their meaning

Because most charts are complicased to decipher, nﬂystsu'ylohtﬂumdmba
few simple symbols. Any production system will nclude several

processes, the boundaries of which are denoted by an oval-shaped symbol. Withineach
manufacturing process, several different steps will be required such as heating, filling
containers or spraying. Each of these steps would be represerted by a rectangnder
symbol. Finally, certain decisions must be made during the course of a manufactusing
process. For example, is an item defective and is rework nezded? Decisions are
identified by the diamond-shaped symbol shown below.

START

PROCESS STEP

DECISION

(=)

These can be compared in order to identify opportunitics for co-ordina-
tion and other improvements.

o  Confirm the accuracy of the flow chart. Once the chart is completed,
workers should be consulted regarding their opinions about the changes
nceded. This dialogue must be constantly repeated - - a practice which
recognizes that the firm's work force is the only asset that truly generates
change and improvement.
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¢ Tailor the flow chart to the needs of the users. Each group of workers
requires information at a different level of detail ! Several versions of
the process flow chart will eventually have to be prepared to ensure thar
every setof users gets the information they need to improve the process.

A simplified version of a process *low chart is shown in Figure 5.2. The
chart, which describes the process « f assembling hompads found in the steering
wheels of cars, is preliminary and incomplete. For example. it incorporates no
decision points, although operators would be expected to identify defective
items and decide whether these items should be scrapped or reworked. It
follows that later versions of this flow chart would have to be more comprehen-
sive and detailed. Eventually, the charts become very complex. For more
realistic examples and further discussion, the reader should consult the appen-
dix.

Check Sheets

Flow charts indicate where problems exist and comimon causes of variation arc
likely to be encountered. Once these features have been idertified. more
detailed data on each specific step in the manufacturing process is collected on
check sheets for later use in statistical process control. Also known as data
collection sheets. these show the lot numbers for incoming raw materials.
machine numbers, parts numbers and the like. Other information such as
temperature changes, maintenance procedures, adjustments tomachines or line
stops may also be included since this too, can reveal sources of variation.
Finally, the sheets indicate the time when data was recorded. the names of those
completing the check sheets, and any other information on new conditions
affecting the process. The format of these check sheet will differ depending
on the datacollected. The example given in Figure 5.3 records the location and
types of defects observed in wooden plaques as they come off the assembly line.
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Figure 5.3 Example of a check sheet to record defects
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Pareto Diagrams

As the volume of data being collected grows, analysts will need to determine
which sources of statistical variation are the most troublesome. They do this
by constructing a Pareto diagram which is essentially a vertical bar graph
showing the frequency of events arranged by category and ordered from the
largest to the smallest. Variation may be analysed in different ways but one of
the more common approaches is to focus on the number of defects. Information
of this type is usually obtained by inspecting materials to see if they meet in-
house specifications.?

Such an application can be illustrated with the help of an earlier example.
Suppose, for instance, that 1,000 hompad assemblies are inspected and the
results are recorded on check sheets. This information can then be used to
construct a Pareto diagram such as the one in Figure 5.4. A total of 260
assemblies (26 per cent of all inspections) were found to be defcctive.
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Figure 5.4 Pareto diagram showing occurrence of defects by category
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However, three types of defects — uneven spray, surface flaws and excessive

flash — account for 74 per cent of all problems. By concentrating their search

on these three characteristics, managers will be able to climinate the majority
defects.

In general, Pareto diagrams identify which defects are most important and
help to pinpoiat the action needed to avoid them. Unfortunately, these diagrams
do not enable us to distinguish between special and common causes. Remedial
action to eliminate chronic problems in the production system can not be taken
until special causes of variation have been eliminated.

Cause-and-Effect Diagrams

An effective tool to help employees organize their ideas and work methods is
the cause-and-effect diagram.! Employees first agree to study a certain process
characteristic (possibly after examining a flow chart). A diagram of this
process characteristic or pioblem, along with the main contributing factors and
more detailed factors, i.. then constructed. Careful study of causc-and-effect
diagrams should help the manager answer various questions such as: What is
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known about the impact of certain causes of the problem at hand? WZ.ich of
these causes can, or should, be controlled? What types of interactions between
causes actually affect the process and the quality characteristics under study?
There is no single set of rules or guidelines for construction of a cause-and-
effect diagram. One way is to single out the potential causes of a problem.
These generally fall into one of the 10llowing categones:

e  personnel

materials

equipment

production methods
measurements
production environment.

Alternatively, the diagram may be designed to link the problem under study to
certain functions or departments within the firm. A highly simplified version
is presented in Figure 5.5 while a more detaiied discussion can be found in the
appendix.

Figure 5.5 Simplified cause-and-effect diagram
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Histograms

Managers and engineers will often seek information about aspects of quality by
studying a sample of items drawn from a larger number of products such as a
production lot. Items in the sample will be chosen at random. meaning thateach
should have an equal probability of sclection. Through this means the
investigator tries to ensure that the characteristics of the sample are represen-
tative of all items being produced. The characteristics identified in the sample
can be used to draw inferences about the underlying quality of the product or
manufacturing process. As the sampling process is repeated and the amount of
data grows, the results become increasingly difficult to evaluate and interpret.
To simplify matters, the data can be organized in the torm of a histogram which
vill provide a basi-: understanding of a population at a glance. Histograms are
simply graphs showing the range of measurements on the horizontal axis and
the frequency of their occurrence on the vertical axis.

The shape of a histogram can tell us a great deal about the general quality
characteristics of product or process.* Most common is the mound-shaped o:
bell-shaped version shown in Figure 5.6. In this case observations tend 1o be
clustered around a centre value and the frequency of their occurrence dimin-
ishes as the distance from the centre point increases. The mound-shaped pattern
approximates the statisiician’s notion of a normal distribution. In praciice,
many histograms will not have this distribution; they come in a variety of shapes
and patterns which can often be explained in terms of various manufacturing
practices and charactenistics (see Box 3.2).

In conclusion, every manufacturing establishment or system. along with
each of the manufacturing processes within that system. generates large
amounts of information. The five statistical toeis we have described here help

Figure 5.6 Histogram w.th a normal distribution
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- Histograms come in all shapes and patterns which cam often be explained i terms of
 vaticus masufacturing practices snd conditions. One possibility is a “cliff-shaped’
peltern where scveral categories of events have a similar number of occurrences while
- ofiershaveamisch fewernumber of occurrences(sec below). Such apattern is familiar
o purchesers of materials or perts. Typically, the vendor will not ship items that fail
omeetacertain standard, possibly becanse they do not satisfy buyers’ specifications.
Thus pwchasers observea sharp drop inthe occurrence of values outside the acceptabie

_ standard. Other histograms will be skewed to the right or leat with a large number of
" observations at one end of the distribution. This pattern can occur when all materials
are subject to screening becanse of high process variation. Other patterns and shapes
will be encountered and the reasons will vary. They may be due to: errors in methods
of measurement, the unintentional mixture of two slightly different products or
production batches, an abnormality in the manufacturing process and soon. For further
discussion of this aspect, see the appendix.

e

managers and engineers use that data to determine the sources of variation and
to make some judgements about effects.

COLLECTING AND COMPILING THE DATA

The foregoing section considered various means of organizing and displaying
data but nothing has been said about the methods of data collection. The
importance of this phase should not be underestimated since it will determine
the reliability of the statistical resuits.

A large number of observations are generally nceded to obtain an accurate
picture of variation and it is not practical that cach of these is shown individually
in the charts and graphs that are constructed. Instead, several observations are
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treated as part of a “subgroup” and only the average value for each subgroup is
considered. For example, a firm may decide to study one of its manufacturing
processes by taking ten measurements on a certain characteristic during each
production day. The data collected each day can be treated as a subgroup and
the daily averages would be used in the ensuing analysis. Subgroups can also
be defined by production hour, by lot. by number of defects per product or i:
other ways.

The definition of a subgroup in the example used here is straightforward but
that is not always the case. Iftheir results are to be accurate. investigators must
be sure that each subgroup contains a set of comparable items. This require-
ment often leads them to create subgroups from ‘production lots’. The
assumption behind this approach is that all items in each production lot will
have been manufactured under similar conditions. Those which are selected at
random from the production lot to make up a subgroup will satisfy the criterion
of comparability. Accordingly, a production lot is regarded as a group of like
items produced under common causes (see Box 5.3).

In practice, there are scveral guidelines to ensure that the items in a
production lot (and in the corresponding subgroup) are all comparable. The

Box 5.3 What is meant by a ‘production iot’?

A production lot can be defined as a group of like items produced by a manufacturing
system subject only to common causes of variation. Accordingly, each item ina lot
should possess a high degree of uniformity. In its simplest form, a lot can be obtained
from a single machine run by a single operator. A portion of the items found ina factory
would satisfy this definition, though many manufacturing operations give rise to
product mixtures. These may be made from different batches of inputs, produced on
differer:: machines or with different operators. Eventually, all the items may be dumped
into a common container and mtedanpmductm Iot,evendloughtlwyaremllya
mixture. Confusion can also arise when the manufacturing process is continuous and
common to all items but the input materials are not. Insuch circumstances production
lotsare usually determined by the size of the production run or by the amount produced
in a given period of time (output per shift or per week).

For product acceptance decisions, it is important that items be kept in separated lots
identified by common causes of production. Such a practice is known as ‘preserving
the order’ and will be very heipful when drawing up subgroups to be used in the
construction of control charts. In processes which exhibitatime-to-time variation (for
example, chemical solutions that change very slowly or tools that gradually wear),
preservation of the order is accomplished by maintaining the time sequence in which
various portions of the iot were made, Without such an arrangement, valuable
knowledge about the conditions under which the product was made is Jost (see Juran
and Cook, 1974).
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most common methods of ensuring comparability are to define production lots
in one of the following ways:

¢ according to the suspected causes of variation;

* by dividing production into equal quantities of items produced or into
lots produced during equal time intervals; or

* by ignoring the practice of creating production lots and simply selecting
subgroups directly from the manufacturing process.

The first of these methods is appropriate if managers suspect that a particular
machine is the source of substantial variation. A valid test would be to compare
the material supplied by this particular piece of equipment with that obtained
from similar machines in the production line. Items produced by the suspect
machine can be separated and treated as one production lot. After identifying
additional lots obtained from comparable machinery, other subgroups are
drawn up and comparisons can be made. Such an approach works well when
the investigator needs to isolate a suspected source of variation — forexample.
improperly functioning machinery or the influence of different operators,
different shifts, different input shipments and so on.

The creation of lots from equal quantities of production or from output
during equa! periods of time requires a different justification. In this case,
analysts assume that only common causes of variation are at work. Allitems
in a production lot should therefore be comparable since they are manufactured
under cquivalent conditions. The practice of defining lots according to equal
quantities produced can be used to detect continuous changes in inputs — such
as altered chemical solutions. Arrangement according to equal time intervals
is an effective way to determine whether the pattern of variation changes over
time.

The third method is the simplest. By dispensing with the identification of
production lots, investigators are able to select subgroups directly from the
manufacturing process. They may choosc items produced at regular intervals
determined by time or quantity. This practice is popular but has drawbacks.
Because production lots are not identified. there is no background information
on manufacturing conditions or input characteristics. Regardless of the method
chosen, the goal should be to assure that the items in any subgroup have been
produced under essentially the same conditions (sce Bicking and Gryna. 1974).
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MONITORING PATTERNS OF VARIATION

Once the methods of data collection have been determined and preliminary
investigations have been carried out (usually with the help of cause-and-effect
charts, Pareto charts and similar tools). analysts are ready to begin monitoring
patterns of variation. They do this by constructing control charts. These simple
but powerful tools serve several purposes. They help the manager to identify
different patterns of variation. they enable him to learn more about the
underlying causes of variation. and they serve as a framework which can be
used to gauge the success of efforts to remove special causes of variation.*

Depending on the information sought, different versions of control charts are
constructed. All, however, share certain common features. These include a
centre line representing the average value for all data collected. and upper and
lower control limits which define the boundaries for acceptable levels of
variation. The manufacturing process is regarded as being "in control” if all
observations (that is, the averages calculated for each respective subgroup) fall
inside the two limits and exhibit no particular trend or tendency. Should any
observations lie outside one of the limits — or if a group of observations reveal
a distinctive pattern or trend — special causes exist and the process is not in
control. Figure 5.7 provides an example of both cases.

The particular type of control chart to be constructed depends on the product
characteristics a firm chooses to study. One of the most common applications
occurs in the siudy of “product attributes’. The term refers to product
characteristic~ that can not be measured on a continuous scale — for example,
specifications regarding quality or performance. In order to analyse their
product’s attributes, managers must {irst establish ‘pass-or-fail” definitions for
acceptable levels of quality or performance (see Box 5.4). Once these
definitions are in place. engineers can begin to collect data. They will usually
be interested in knowing cither the number or proportion of items in scveral
subgroups that is defective or otherwise fails to meet acceptable standards.

The actual construction of a control chart to measure product attributes can
be illustrated with the help of an example using data taken from an engine
assembly plant. After agrecing on pass-or-fail definitions, supervisors and
engincers began collecting information on the product’s attributes. In this case,
100 engines were inspected for defects each week and it was decided that the
weekly results would constitute a *subgroup’. The inspection process was
repeated for 21 successive weeks, meaning that the control chart should have
21 observations or subgroup averages. For cach of these weeks, the rejection
rate was calculated and the results are reproduced in Figure 5.8. For example,
the chart shows that six engines were rejected in the first weekly test of 100,
meaning that the rejection rate was 0.06. The central line showing the average
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Figure 5.7 Identifving the causes of variation
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number of defective engines during the entire 21-weck test pertod is 6.24 per
100 inspections. Using these results, engineers can detcrmine the upper and
lower control limits which specify the acceptable levels of variation (for
formulae and calculations, sce the statistical appendix). In our example the
upper control limit proves to be 13.5 defectives per 100 inspections. No lower
control limit applies, so a practical limit of zero defectives represents the fower
houndary.

What doces the completed chart telt us? First, the rates of rejection obtained
from each weckly inspection range between 0.02 and 0.12. Inno week docs the
proportior, of defectives exceed the control limits, meaning that the process of
engine assembly is in statistical control. Second, no special causes of variation
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Box 54 Product attributes and coatrol charts

Many product attributes refer to acceptable levels of performance or quality. The
criteria for evaluating these sitributes can be expressed in terms of a simple two-way
classification: each item cither meets, or fails (o meet, a pre-determined standard.
Exampiles would be th* number of damaged cans in & production lot of a certain size
(where the two categorics are either ‘damaged’ or ‘undamaged’) or the number of
items in a subgroup that do not meet specifications. Using these types of definitions,
managers can monitor the occurrence of defective items. 1f the number, or proportion,
of defectives is relatively stable over an extended period of time, managers can
predict future levels of variation with some confidence.

Not all product attributes can be expressed in terms of pass-or-fail criteria.
Slightly different control charts will be used if product attributes are defined by the
count of events occurring over time. One version is applicable when attention focuses
on characteristics such as the number of surface flaws on a sheet of material, the
number of service calls made or the number of customer complaimts received.
Another ic employed if the amount of material or the unit of time for each inspection
varies. Relevant exampiles are’ inspection of irregular lengths of woven fabric, the
number of blemishes on finished fumiture or the number of surface defects in
differing lengths of brass strips. For further discussion, see the appendix.

exist, so predictions about future performance can be made with some confi-
dence. Rates of defectives, production costs and production schedules can all
be forecast with some degree of certainty. Of course, there is no assurance that
the assembly process will continue to be stabie. or in control. over the longer
term. A special source of variation may suddenly emerge. But if it is quickly
identificd and climinated, the operation should return to control. Third, if other
manufacturing nrocesses in the plant are also in control, managers are in a
position to begin improving the cntire system and 1o address the common
causcs of variation.

In conclusion. the chants and graphs we have described in this chapter are
only a part of a larger statistical arsenal which is available to the manager and
his employees. Further discussion of SPC is found in the appendix to this book
and the manager who hopes to install a system of continuous improvement
should begin by consulting that material. It is cqually important to bear in mind
that the true value of SPC extends far beyond the basic problem-solving
c<ampics discussed here. Even bigger returns should be realized as users gain
a hetter picture of the interrelationships between different parts of the produc-
tion process and hegin to collaborate in the scarch for common and special
causcs of variation, Finally, the amount of time and energy devoted to SPC will
be substantial in the carly stages, but this should not be a permancnt feature.




Figure 5.8 Monitoring product attributes: rejection rates in an engine-assembly plant
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Critical parts of the manufacturing system may always require monitoring and
control. After a few vears, however, the firm should have progressed beyond
the basic elements of procass control and more of its efforts will be concentrated
on other CITs. The following chapter looks at several real-world applications
of these tools.

NOTES

1. Forexample, workers on a loading dock would want information enabling them to shorten the time
and distances travelled by incoming matenial. Their version of the flow chart would not be as
detailed as that provided to engincers who are studying the implementation of cellular work
stations along an assembly line.

2. Another. less common approach would be to s=t up categories reflecting customers’ priorities.

3.  Theappeasance of the cause-and-effect chart has led some tocall it a “fishbone chart”. These charts
are also known as Ishikawa diagrams’, after their originator.

4. For further discussion see Kume, 1992, pp. 49-53 or Ishikawa, 1990, pp. 9-14.

5. The removal of special causes, although crucial. does not represent a genuine improvement in the
manufacturing process. For example. vanation ina product might be caused by the haphazard way
100ls are arranged and located on an assembly line. Once it is agreed to place the tools in exactly
the same way all the time, the variation due to operators fumbling for tools 1s eliminated. A special
cause of vanation has been eliminated; when all other special causes are eliminated, the process
is in statistiza! control. Only at this point can the critical work on systemic causes for continuous
improvement actually begin.




6. Continuous Improvement In Action

The tools and methods discussed in Chapters 4 and 5 are only some of the
possibilities available to a CIF. In this chapter we describe in some detail how
four firms have used these techniques to achieve substantial gains in quality and
productivity. These case studies have been drawn from a larger body of
evidence compiled by UNIDO as a by-product of its work to promote contin-
uous improvement in developing countries and transition economies. In many
instances, fimus have participated in UNIDO-sponsored programmes designed
to introduce methods of continuous improvement or to upgrade existing
practices. Inothers, the firms themselves have initiated these programmes with
UNIDO staff alongside as observers.

The four manufacturers singied out for discussion here are located in Latin
America, Central Europe and Africa. This geographical diversity of firms is
deliberate. One of the claims we make in this book is that continuous
impiovement ir manufacturing is not culture-bound. Firms were also chosen
toreflect arather wide range of experience and sophistication in the techniques
of continuous improvement. Thus the case studies presented here are meant to
show not only how CITs are being used in specific circumstances, but also to
demonstrate their generality.

In line with the approach taken in previous chapters. attention focuses on
shop-floor experiences even though some of these firms 2mploy methods of
continuous improvement in other areas of their operation (for example,
involving managerial practices. product design or organizational matters). The
first case study deals with the recent experience of the International Division
of Packard Electronics. That firm 1s an experienced user of CITs, which has
worked hard to 1pgrade 1nethods of continuous improvement in onc of its larger
plants. The second concerns a maker of heavy-duty components for trucks in
Central Europe. Because the company had no previous experience with
methods of continuous improvement, the technologies it employs are quite
different from those found in Packard's plants. An African subsidiary of
Matsushita Corporation is the subject of the third casc study. It has operated a
programme of continuous improvement for anumber of years, and is slowly but
steadily up-grading these technologies. The chapter concludes with a descrip-
tion of methods employed by Elamex S.A.. a large contract manufacturer
operating in Mexico and the Caribbean. Like Packard, Elamex is an experi-
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enced user of CITs although the principles and methods it relies upon are
relevant to manufacturers everywhere.

PRODUCING ELECTRICAL COMPONENTS IN
MEXICO'

A multinational with factories in North America, Europe and developing
countries. Packard Electric International makes electrical wiring assemblies
and related components for automobile and truck manufacturers. Its first plant
in Mexico was established in 1978. Today, it operates more than thirty plants
located around the country.:

An emphasis on product quality and a commitment to continuous improve-
ment have been part of Packard Mexico’s approach since its inception. These
priorities received an added boost in the mid-1780s when the company was
awarded a contract to supply electrical wiring 1o New United Motor Manufac-
turing Incorporated (NUMMLI). a joint venture of General Motors and Toycta
in California. The influence of Toyota’s managers and engineers meani that the
new car maker was an especially demanding customer.

Immed:ately after the contract was signed, NUMMTI's staft produced a set of
quality standards and blveprints containing references that were unknown to
engineers and workers in Packard’s Mexican plant. The car maker’s engineers
soon expressed their dissatisfaction with the samples and components being
supplied. They also criticized Packard’s methods of wrapping the assemblies
and rejected several shipments because of variation in the colouring of the
cables. Other objections concerned details such as stress marks introduced
during assembly.’ In addition to being a very demanding customer, NUMMI
expected Packard Mexico to perform as a JIT supplier. Precise quantities of
defect-free products had to be delivered to a customer several hundred miles
away. These supplies had to arrive at specified hours of the day, at the correct
location in the plant, and at the agreed price.

Managers of the Mexican operation were quick to respond to this challenge.
They contacted Sumitomo Wiring, a high quality supplier to Japanese car
makers (including Toyota), and arranged that a tcam of engincers be sent to
Mexico for six months. The fact that Packard Mexico was already an
experienced practitioner of continuous improvement probably made it casier
for the firm to act on the advice from Sumitomo and the suggestions by
NUMMI. Existing techniques were guickly upgraded and new. more powerful
routines werce introduced. The following discussion focuses on some of the
more important clements in Packard Mexico's new programme.
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Customer-Focused Production

The importance of customers’ expectations has always been anestablished pant
of the manufacturing philosophy of Packard Mexico. However, managers soon
realized that with a discriminating buyer like NUMMI, special efforts would
be required. They arranged for a resident engineer to work permanently at the
customer s California plant. serving as acommunications link between NUMM]I
and Packard Mexico. He maintains daily contact with NUMMI's engineers and
operators, monitors the quality of harnesses and other components arriving at
the plant and provides instant feedback to his colleagues in Mexico. This
arrangement permits Packard to respond promptly to inost of NUMMI's
problems and encourages a two-way flow of ideas between the firms. For
example, Packard’s Mexican staff and workers are able to devise process
improvements in their own plant that are eventually implemented in the
HUMMI plant in California.

Kanban and Supplier Involvement

One of Sumitomo’s main contributions was to help Packard implement a more
effective kanban system. A kanban card showing the code numbers, specifi-
cations and production sequence is attached to each item when it enters the
factory. The cards remain with the item until it leaves the plant as part of a
completed electrical assembly or component. When more material is needed,
another kanban card is returned for processing and one or more items are
supplied. Cards are also passed to outside suppliers as reorder forms. They
serve as a simple form of visual control, pulling material from suppliers and
conveying information on the number of pieces ordered, the number built and
the number still to be built.

By introducing a more comprechensive system of kanban, Packard Mexico
has been able to realize several benefits. Problems of product quality can be
quickly traced back to specific manufacturing processes and other opportuni-
ties for improvement can be readily identified. For example, the system
demonstrated the need for new procedures and rules to be introduced and
rigidly followed in order to minimize inventories. Once these methods were in
place, Packard was able to cutinventories and related floor space by 80 percent.

Experience has showed that the cffectiveness of kanban is greatly enhanced
if customers and supplicrs work together closely (see Box 6.1). Onc of the
major objcctives of this collaboration is to stabilize the production schedules
of cach firm. This makes it casicer for all collaborators to deliver precise
quantitics at specificd times of the day. Kanban link-ups between suppliers and
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Bex 6.1 Imvelviag supplicrs in the knaban system

Suppliers’ first reaction to any suggestion thet they adopt kanben is =susily negative. -
Howeves, Packard’s managers learned that simple and ¢ cor requests for cooperation,
coupled with assistance in inroducing kanben, usually gave positive results. The firm
worked hard to demonstratz to suppliers that such s sove wounld be in theirown interest
as well as in that of Packard.

One challenge came from Packard’s own regionsl warchonse which normally
shipped componeuts in very large quantities — ofien, production Jots representing
several weeks of inventory. When asked to supply exact smounts at precise times, she
quantitics without raising prices. Packard’s staffmet with warchouse personnei 10 seck
a solution to the problem. By employing basic tools of continuous improvement, the
tcam was able to show that the warchouse was also receiving materisl in undesirably
large quar-ities from its own suppliers. The problem was then discussed with upstream
vendors and eventually sotved.

In another instance, Packard was able to simplify its unloading procedures signifi-
would be waiting to unload, while at other times there were none. Exirs employees were
kept on duty to handle unpredictable peak periods. With complementary kanben
systems, these problems were climinated. Deliveries arrived on time, all paperwork was
prepared beforchand and the material could be promptly unloaded.

customers can also lead to even greater reductions in inventory and other waste.
For example, Packard’s system requires that smaller quantities of material be
shipped in appropriately sized containers. Once the firm was able to convince
local suppliers of pallets, boxes and cable of the benefits from kanban, they
found this alteration in shipping practices worked to their advantage as well.

Visual Controls

Along with its new kanban system, Packard began to rely heavily on visual
controls. These effective but incxpensive *ools convey important information
on problems, procedures and improvements. “ne example is a large board on
the loading dock which shows the time when each set of materials is scheduled
to arvive and the supplier providing them. Another is the continuous improve-
ment board (known as kaizen to the Japanese). These describe a problem with
an accompanying sketch or snapshot of the area to be improved. Underlying
causes and corrective actions arc noted as well as the team or person responsible
for resolving the problem. The expected date for completion of the improve-
ment is shown along with a picture of the desirued result.
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Other visual controls were used to communicate correct procedures for
assembly, maintenance and other operations. First, lines were painted on the
floor in storage areas to show where completed products should be placed or
where finished cables should be hung so as not to touch the floor. Second, job
set-up sheets were posted in front of each cutting machine. Operators refer to
these visual instructions if they are unsure about production requirements, job
insiructions, or methods of packing maierial for in-process handling. Third,
machine down-time was drastically reduced by introducing a Japanese systemn
known as ‘andon’. The system consists of green, yellow, and red lights placed
over critical equiprnent. Lights indicate whether the equipment is running
properly (green), is icnporarily idle (yellow), or is pot working and requires
attention (red). Andon quickly alerts maintenance and repair personnel to
critical equipment problems.

These and other visual controls have become a ubiquitous part of Packard
Mexico’s operation.* They have proven to be a simple low-cost altemmative to
computer-generated data and a powerful stimulus to improvement. While
computer-based systems provide more comprehensive information, the results
are often distributed to only a select group of individuals. Recipients may be
far removed from the manufacturing process and not understand the impact of
such data. The.e s aiso likely to be a lag between the time data is collected and
when it is made available. As the Packard experience demonstrates, visual
controls provide immediate on-site information for all

Housekeeping and the Elimination of Waste

Usiag standard methods of continuous improvement, Packard had always
stressed the need for strict housekeeping practices and the elimination of waste.
It was evident, however, that the Japanese advisors’ view of waste and
housekeeping practices did not coincide with that of their Mexican and
American counterparts.” During the initial plant audit, the first place the
Sumitomo consultants searched was the was.c baskets. They were looking for
discarded or defective materials, broken or damaged components and similar
refuse that could hold important clues to underlying problems.

Employees at Packard's Mexican plants soon recognized that waste included
far more than just defective parts or scrap. Inactivity on the part of people or
machines, inefficient methods or movements and unnecessary proccsses (for
example, making or passing along a defective unit) were also waste. Excess
stock and overproduction was regarded as an expensive miscalculaiion which
tied up money and space and drove up cosis. In general, any part of a
manufacturing process that does not add value is considered wasteful.

Packard began a search to eliminatc waste in every part of its system. An
example referring to one particular series of manufacturing steps is found in




106 Bevond Quality

Figure 6.1. Eachblock represents a sequential step with a height proportionate
to the time needed to perform that operatior. The original sequence 1equired
a relatively long amount of processing time and involved three non-value-
adaed steps. Packard’s workers began by .eorganizing the plant layout.
Operators were previously separated from one another by intervening rows of
machines. After streamlining, pairs of operators were located back-to-back
between rows of facing machines. That arrangement led to a smoother flow of
materials, a better exchange of information and enabled managers to match new
workers with more expenienced operators. With these changes, the firm was
able to eliminate one step which added no value and to reduce the amount of
processing time significantly.

Figure 6.1 Packard Mexice's lead-time reduction in one manufactaring
process

Analvsts began by measuring the time required for each step in this manufacturning process. They also
determined which steps added value 10 the product ard which did noi. The latter. which include
operations such as inspection. counting and rework. are shown in shaded boxes. With disciplined
effort, Packard was able 1o eliminate one step andto reduce the time requ ired for most remaining steps.

Original process Current version Ideal
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Source: UNIDO and Packard Electnic (International Division, Mexico).
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Planning For Problem Prevention

Along with their other innovations, managers began to search for ways to
prevent problems as well as o correct thern. Both approaches cut costs and raise
quality, though the former requires more analysis and planning. Teams worked
on problem prevention in several different parts of the factory but only
improvements on the shop floor are referred to here.

One example relates to a problem which emerged when an improvement
team discovered thai the number of rejects in a particular manufacturing
process was consistently too high. They noted that it was common practice to
place all rejected material on large racks. In addition ‘o recommendations
designed to reduce the rate of defects, the team suggested that the racks
themselves were part of the probiem and decided to reduce their size by half.
The purpose was to discourage operators from postponing corrective action.
Eventually, the racks were removed entirely. That change imposed an even
stricter discipline on operators; they were immediately forced to take corrective
action whenever a reject was identified.®

Teams working in another part of the plant found that they could avoid some
forms of waste by altering methods of die-changing for most of the factory’s
cutting processes. Many of the necessary adjustments are now made on a trial
press before the die leaves the crib for the cutter. Because these steps are
performed off the production line, problems can be avoided and wasted effort
is prevented. As aresult, Packard has been able to reduce the time needed for
changing dies in its cutting processes by 80 per cent.

Other forms of problem prevention have focused on *vays to improve
methods of handling and packaging within the plant. One of the more effective
techniques was to cover the cement floor around wire harness equipment with
thick sections of Astroturf. The new material provides a much cofter surface
and better cushion, reducing both worker fatigue and product damage. When
a terminal falls and is stepped on by an operator, it is harmlessly pushed into
Astroturf. Because the solution proved to be so effective, Astroturf is also used
to line the bottom of compartments where dies are stored and this, too, prevents
expensive damage.

A related modification was to develop protective coverings for the most
fragile components. Wiring harnesses are constructed of very fine wire and thin
cables which can be easily broken. To prevent damage, workers designed
protective coverings for the cable racks. Sensitive parts are wrapped in plastic
to preve 1t contamination that could lead to product failure and special plastic
cups are fixed over the ends of wire bundles that are critical to the proper
functioning of the product.

Finally, teams noted that components and harnesses were frequently dam-
aged during transport from one part of the factory to another. Once reason was
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the fragile nature of the equipment, but the team also believed the size of the
containers was inappropriate. Large containers requiring expensive mechani-
cal transport had been the favoured method of moving materials inside the
plant. The solution was to use small containers that could be easily carried by
one person. The adjustment not only allowed workers to exercise more care
about in-plant transport but also eliminated expensive material-handling ma-
chinery and helped to reduce inventories of work-in-process.

Worker Training

To support its programme of continuous improvement, Packard operates an
elaborate programme of employee training. Every new operator begins with
forty hours of classroom training, forty hours of product orientation and forty
hours of work alongside a trained operator. All operators receive multi-station
training, with each worker learning the routines for his own station as well as
that of the preceding station and the following one. This approach emphasizes
the fact that each person on the production line is both a customer and a supplier
and improves the flow of site-sg ecific information.

Training in all of Packard Electric's Mexican plants has been intensified
following the NUMMI contract. The extended programme, which is summa-
rized in Figure 6.2, stresses customer relations, control over variation and
continuous improvement. Training is in a series of modules, with ali employees
receiving thorough instruction in basic areas such as the meaning and impor-
tance of process variation, the use of improvement tools and the need for
teamwork. Team members are taught how to collect and interpret basic kinds
of data, while team leaders and selected operators are given instruction in SPC,
data collection and display and the use of various graphs and charts. Instructors
emphasize the need to exploit on-site production information. A great deal of
time is spent explaining the imoortance and meaning of various tracking
measures. All trainees understand that such information is designed to aid
improvement efforts rather than compare or punish workers.

An even more ambitious approach is the creation of multidisciplinary teams
which are trained to apply Packard’s five-step process to solving problems (see
Box 6.2). These teams are formed to investigate areas of the plant that are most
in need of improvement. Engineers, operators, and supervisors collaborate on
proposed solutions which stress quick results. When their plan is ready, the part
of the plant that is the subject of analysis is shut down. Machines may be ripped
from the floor, walls removed, workstatons relocated and transport lines
altered. Allthisis accomplished inonly a few days. Operators working in this
section of the plant are part of the effort and will clearly understand their new
role when the changes are complete. When production resumes, data is
collected and posted so that all can see the increased performance.’
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Figure 6.2 Modular train’ng in Packard's Mexican plants
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Bex 6.2 Packard’s five-step precess to solving problems

Packard uses teams made up of operators and supervisors from various parts of the plant
to investigate and sotve problems. When a problem is isolsted, its ‘netwral owners’
{usually, those responsible for that pact of the manufacturing process immediastely prior
todetection) are identified. For example, operators who pess damaged material to the
next step in an assembly process are the naiural owner. This designation assigns no
blame. Instead, the natural owner becomes responsible for coordinating the search for
solbstions. The search proceeds according to the following five steps.

1. Identify and define the problem. The scope of the problem should be clearto the
entire team. All members should be able to contribute to the work.

2. Takeimmediate action. The group should take immediste action to prevent any
repetition of the problem. Steps may invoive product containment, sosting orrecall
to‘clean’ all the stock between the supplier and the customer. Steps | and 2 should
be done in two days.

3. Root-cawseanalysis. Ajlpossible reasons for the difficulty should be analysed to
determine the probeble contribution of each to the problem. The natural owner can
then be confirmed and involved as 2 rcam member. This person could be different
from the owner originally identified when the problem was discovered. Step 3
should take a maximum of 10 days.

4. Irreversible corrective sction and follow-ap. Once the causes are identified,
corrective action must be taken. Product and process conditions wi'l be monitored
to ensure that the corrective action shows good results. If Step 4 takes more than
30 days, the customer must be informed of progress.

S. Verificatien. Thesituation is monitored until it is clear that the problem is solved.
Customer reports indicating zero defects are the usual means of monitoring. This
procedure is not begun until the manufacturing process has stabilized following the
corrective action taken in Step 4. Tne verification period is usually from 30to0 90
days.

Sowrce: Packard Electric International.

Although the technique can be very effective. not all processes are amenable
to quick improvement. Many wiil only yield to stcady incremental efforts and
somc may be impervious to such efforts. Nevertheless, Packard's programme
of training and group improvement has paid back the costs of training many
times over. Managers also noted that the method boosted morale since tcam
members could sce the immediate result of their own efforts. Significantly, all
these gains were achicved not by shedding labour or increasing the operators”
workload, but rather through the rcorganization of the plant.
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In concluston. the firm’s emphasis on continuous improvement has yielded
impressive results. In the first year of its contract with NUMMI. Packard's
Mexican plantreceived 102 reports of quality problems. By the second year the
number had dropped to 47, and in the third year — when NUMMI installed 2.7
million car harnesses — the Packard plant received only 10 reports of quality
problems. The firm’s success in reducing waste was no less impressive. When
it began to supply NUMMIL, its weekly reports showed overproduction of up to
22 per cent for some parts and underproduction of 12 per cent for others. Three
vears later, weekly production levels varied by only 0.001 percent. Production
reports were eventually discontinued because improvement efforts had made
them superfluous. Packard's other plants report similar successes thanks to a
disciplined approach to continuous improvement.

MAKING TRUCK COMPONENTS IN CENTRAL
EUROPE

The firm providing the information for this study is 2 Hungarian producer of
truck components which embarked on a UNIDO-assisted programme of
continuous improvemert in 1991. One of these components, a hydraulic clutch
controller for use inheavy-duty trucks and buses, is the focus of discussion here.
This study focuses on a modest. but important, first step in the improvement
process.

Managers of this plant were keenly aware that several arcas of their operation
were in need of improvement. Conditions in the plant were characterized by
disorder and an uncven flow of work which contributed to waste and a build-
up of inventory, work-in-process and finished goods. This confusion was
compounded by a managerial tendency to address isolated problems (for
example, by constantly shifting operators from onc asscmbly line to another)
without developing a more systematic plan for improvement. One result of
these practices was an unacceptably high rate of defects -— 13 per cent in the
case of chutch controllers.

Managers™ first response was to form several teams to study every facet of
the assemibly process. The controller itsclf is assembled from seven picces,
namely, a pedal, housing., nm, cover plate, asststing piston, hydraulic piston,
and double valve, Team members were recruited from every part of the
opcration and received special training before beginning the improvement
programme. Employees were informed of the new drive for improvement and
assured that no one would lose their job as a result of productivity improve-
ments. Managers also pledged their full support to the project and granted
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teams the authority to enact sweeping recommendations axd make expenimen-
tal changes.

Among the instructions the improevement teams received, the following
were especially noteworthy:

¢ Adopt measurable goals and depend only on measurable results. A
heavy emphasis was placed on validation of the team’s recommenda-
tions. The requirement that goals and results be measurable forced the
teams to be realistic about their assessments and recommendations.

¢  Teams should exhibit a bias in favour of action. The goal was to take
action on many fronts and demonstrate results quickly. Preference was
given to identification of small improvements rather than costly. large-
scale remedies requiring new technologies.

s Not all solutions can be thoroughly tested, much less implemented,
in the current phase. Follow-up work will be esseatial to implement
suggestions and recommendations which are medium term in duration.

With this background, each team hegan to gather information on different
parts of the assembly system. It was soon agreed that all operations could be
logically divided into two easily distinguishable subsystems. The first was
carried out at four individual workstaitons where the hydraulic piston. the rim.
the cover plate and the pedal were fitted together.* The second was the final
assembly of the controiler itself. The latter set of operations were performed
at six workstations and the following description focuses exclusively on that
subsystem.

Analysis began with the constmction of flow charts documenting the
operations at ci.ch workstation. Every step performed at a workstation was
carcfully studied and any unnecessary movements were noted.  Examples
included: picking up a part with the right hand from the left side of the
workstation; transferring parts from onc hand to the other: the practice of
removing parts (washers, screws, bolts or nuts) from storage boxes and
spreading them over the worktable; and the need to separate different parts
which had accidentally or erroneously been stored together. Details such as
these were used later to improve operating procedures. Figure 6.3 provides an
cxample, showing the flow chart for workstation 1. where the housing is fitted
with the cover plate.

Another tcam gathered data on the operating times at cach workstation.
These were recorded repeatedly and the averages are reported in Table 6.1 the
operating times and capacitics of cach workstation vary greatly. Such imbal-
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Figure 6.3 Flow chart for assembly of the housing and cover plate

Cover assembied
._with hydraulic piston®

STEP
1. Placing the cover into the housing. /i: L
2. Insertion of the piston and compression. \72‘.;:4 - “b .
3. Insertion of the fixiug pin. 3 o “ﬂ_
4. Insertion of the fixing ring. "!’, - _d B
S. lIansertion of the pressure spring. g o ¢
6. Inscrtion of the assembly spike. 6 f
7. Placing the unit on the cover. '} -
8. Insertion of the fixing spike into the ’ 8

borings of the housing and cover. - 8.
9. Compression. /9 . h . . ' . . ’ .
10. Inscrtion of wasters, nuts and bolts. i()
11. Screwdriving (pneumatic). 11

12. In-process storage.

To worktable 2

' ... intermediate products . ... components

* Operations refer to worktable 1 which is pictured in Figure 6.4.
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Table 6.1 Current operation times of final assembly process

‘ork- Times Capacity
station Operation (in seconds) {(per shift)
1 Housing and cover plate 75.7 323
2 Housing and rim 46.2 530
3 Pedal 7.2 519
4 Valve-gap adjuster 437 560
5 Inspection test 4.7 213
6 Finishing operation 585 418

Total 386.0

Source: UNIDO.

ances are one reason for the accumulation of inventories and the uneven load
on operators. Itis clear that the major bottleneck occurs at workstation 5. The
relatively iarge amount of time required to complete inspection tests and the
limited capacity at this workstation disrupt the flow of work.

Improvement teams also studied the planned flow of materials during the
final assembly process. Inputs and parts from central stores were kept on
shelves next to the assembly line where they were needed. Parts for the
workstations were mainly stored in boxes on pallets located directly behind the
operators. The group noted that parts were kept in several different kinds of
storage containers (Bosch-type wooden cases, standardized boxes with orga-
nized compartments and polycthylene and paper bags).

Finally. a team examined the layout of the process which is replicated in
Figure 6.4. Sub-assembly workstations are shown for completeness, aithough
the description here focuses mainly on the final assembly. A large inventory
of goods-in-process was needed between workstations | and 2 inorder tob-iffer
the capacity differences between the two sets of operations. The capacitics at
workstations 2. 3 and 4 were more closcly aligned and required no similar
buffers. However, a build-up of goods-in-process occurred hoth before and
after operations at workstation 5. This phase of the assembly process required
the fongest period of time: throughput capacity at this point was less than half
that of the preceding and following operations.

Recommendations which emerged from the exercise fall into three categor-
ies. One set consists of those proposals which were rejected, usually because
they required significant additional investments and therefore violated the



Figure 6.4 Original layout of assembly area for clutch controllers
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tcams’ original mandate.” A second set is recommendations which require a
longer period of time for testing and implementation. Finally. there were
several proposals that entailed small changes in procedures; these could be
tested and implemented during the time allotted to the investigation. The last
wo sets of recommendations are discussed below.

Proposals which were immediately tested and became part of standard
procedures involved changes in operators™ practices and alterations in the
layout of the assembly line and the work cell. The 5-S exercise (described in
Chapier 4) proved a very effective means o identify some of these improve-
ments. One result was to move the entire assembly line 60 centimetres away
from the wall to permit cleaning of the shop floor and to allow easy access to
all machines for maintenance. Shelf space was designated to store the
inventories needed at each particular stage in the assembly line. It was agreed
that each component and part would be stored in a specific place with the
method of storage indicated next to the name and code number of that piece.
All unnecessary objects were removed from the in-plant transport routes. A
parking area was also set aside for the transport vehicles used on the assembly
line. Under the new procedures each vehicle should be retuned to its
designated space immediately after use. Finally, the assembly line was
redesigned in a U-s.. iped configuration. This change reduced the di: ance
materials travelled between workstations.

Changes in operators” piocedures included an agreement that tool boards be
placed at the backside of the worktable. The most frequently used tools would
now be positioned closest to the operator. The location of parts and components
was altered so that they were in easy reach and better conformed with the work
sequence. Sufficient quantities should always be available for one shift with
special in-plant transportation to ensure the supply of some components. Tests
showed that the new arrangements significantly reduced operating times.

Two additional improvements were made in the design and construction of
the clutch controller. First, a review of the product design and engineering
documents revealed that the position of the pedal was determined by use of
screws and bolts of several different sizes.  Neither function nor space
constraints justified these differences and it was agreed that the dimensions of
these materials would be standardized. Second, the current assembly process
included scveral drilling operations. Some of these steps could be eliminated
by designing nivets into the cast-iron housing. This adaptation saved time and
avoided defects due 1o inaccurate drilling.

The net effect of ail these improvements was to cut the number of sub-
assembly stations from four to two,  Some of the remaining sub-assemibly
operations were combined, while others were moved to the final assembly line
in order to smooth out the flow of production material. Floor space was also
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reduced because of the new assembly layout and smaller amount of storage
space that was required for inventories.

Among the proposals requiring more time to test and implement, the most
important dealt with probleins of quality. One team carefully examined each
defective controller to determine the source of the defects. Altogether, ten
different types of defects were identified. Each one, along with the frequency
of its occurrence, is noted in Figure 6.5. The three most common defects are

Figure 6.5 Pareto diagram of product defects, by category
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that air escapes. either when the pedal is applied or is at rest, and that oil escapes
from the housing and pedal. About 70 per cent of all defects can be attributed
to one of these causes. This initial exercise yielded numerous incremental
benefits based on the use of shared information and effective analytical tools.
Management completely support this drive to improve. A first step such as this
demonstrates to managers and team members that signiticant improvements
can be made without costly or sophisticated machinery.

HOUSEHOLD ELECTRONICS IN EAST AFRICA™

In operation for almost 30 years, the firm described here is a subsidiary of
Matsushita. one of Japan’s largest multinationals. The parent company and the
local firm share the same emphasis on continuous improvement, production
standards and company strategies. In other ways. the subsidiary enjoys a large
measure of independence. Of the 450 people it employs, only four are
expatriates.'” The head office supplies high-level training and technology (for
which itis paid royalties). but rarely provides financial support. The subsidiary
is expected to surmount any financial difficulties by becoming more efficient.

Local production began with batteries and gradually expanded to include
portable radios, radio cassette recorders and gramophones. A prolonged
economic slump during the 1980s forced the company to scale back its
operation. Monthly production in 1992 was 4.5 million batteries and around
10,000 radios and cassette recorders. With this level of production, turnover
is $11-12 million per year. These figures are only a third of the levels recorded
during the late 1970s, vet the operation remains profitable.

Despite sluggish economic conditions and aggressive competition from
cheap East Asian imports, this firm has maintained leadership in all its product
markets. Much of this success can be explained by the firm’s emphasis on
quality control and continuous improvement. Various technologies and tech-
niques are in place at every stage of production, from the arrival of inputs to
packaging. Quality assurance groups are constantly active on the production
line, with hourly and daily samples being tested in the quality control labora-
tory. These controls, coupled with the high standards which the parent
company scts for inputs, have meant that defective products are rare (0.2 per
cent for radios and 0.02 per cent for batteries).

The subsidiary’s programme of continuous improvement is a comp-chen-
sive one and only selected features are discussed here. Onc of these, worker
training. is essential for any CIF, but assumes even greater significance in view
of local conditions. The quality of the local work. orce was discussed at length
during a series of UNIDO-sponsored workshops in East Africa which were
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attended by 80 firms — including the managers of this Matsushita subsidiary
(see UNIDO. 1991). Participants argued that there are serious flaws in existing
programmes for tertiary training. The available courses do not prepare
graduates to meet changing professional demands. nor provide them with the
ability to assimilate imported technologies. A number of management courses
are available, but there are none for industrial management.

The effects of poor training are compounded by circumstances which have
hindered individuals’ avtlities to engage in independent decision-making.
State-run enterprises have been dominant in the manufacturing sector and are
characterized by a top-down command structure which is usually headed by a
political appointee rather than a businessman. This has resulted in a critical
shortage of managers who can make decisions independently or engage in
constructive teamwork.

Because of these circumstances. the firm employs unique and stringent
recruitment policies.””  Applicants for technical jobs must have vocaticnal
training and those for middle management must have completed secondary
school. All new employees arc young — seldom over 23 years of age. This
practice reflects managers” opinion that younger workers are more open to new
methods and better 2ble to adapt to the company s manufacturing philosophy.
The same linc of reasoning excludes all university graduates. Though a few
have applied for jobs, many do not see themselves as “workers” and none have
beenhired. The head of personnel argues that such formal qualifications reduce
the willingness to learn new techniques and make it difficult to accept the
company’s “family atmosphere’.

The subsidiary could not enforce these criteria without having its own
capability to educate new recruits. AH new employees receive up to 12 months
of (paid) on-the-job training. Japancse instructors were originally used, but
now training is done by locals employed in the factory. Foremen receive an
additional year of full-time training at a local vocational centre or at the
government-run centre for high technology which was originally established
with the firm’s assistance.  When managers are recruited from secondary
school. they are assigned to work on a production line for several months to get
acquainted with actual working conditions. This unusual procedure encounter.,
some resistance, but those who have been through the experience report that
they have become better managers as a result.

Despite all this training. many new managers remain sceptical of the
company’s policies and orgunizational methods and some even regard them as
incomprchensibie. To resolve this problem, all managers are sent to the parent
company's foreign training tastitute in Japan after a period of service. There
they receive full-scale training in a programme developed by Matsushita. First-
hand observation of the working environment and comnpany culture greatly
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improved cach trainee’s understanding of the overall approach. According to
the subsidiary’s managing director. th*s experience is even more important than
the actual skills acquired.

Training programmes concern not just the technical details of the job, but
also tools of continuous improvement and company philosophy. Included are
various aspects of statistical process control, the 3-S routine, practices to
encourage workers to share information and other methods. The importance
of these methods s reinforced by visual aids scattered around the iactory.
Refresher courses. in-house training sessions and evening classes cover matters
like cost reduction and standardization. Promotion within the company is not
possible without satisfactorilv completing these courses.

A second pillar of the company 's continuous improvement programme is its
maintenance systein. All machinery is Japanese inorigin, mostof itdating back
to the 1960s. The more complicated spare parts are imported from Japan, but
all alterations in the plant layout and improvements in machinery and equip-
ment are carried out by local staff. Some of this work is done by specialized
maintcnance units, though every employee is actively involved in the main-
tenance system. Operators are expected to keep their machinery clean and in
gcod working order. Plant managers exercise supervisory control, while the
specialized maintenance teams carry out daily inspections. Major overhauls
and general cleaning operations take place during long holidays.

The fact that the company remains highly competitive while using equip-
ment that is up 1o 25 years old attests to the effectiveness of its maintenance
system.  Other indicators confirm this impression.  Labour productivity, for
example, is higher than at any time in the firm’s history, and reportedly matches
that of Matsushita subsidiaries in other parts of the world. Meanwhile, the
overall rate of capacity utilization is around 96 per cent. This figure farexceeds
that of other manutacturers. With daily power cuts and policy restrictions on
imports (owing to a shortage of foreign exchange). the average rate of capacity
utilization in ncighbouring factories 1s only 20 to 23 per cent,

There are plans to upgrade the maintenance system bfore purchasing new
cquipment and machinery.!' A new training programme was introduced in
1993 which will eventually fead to a system of total productive maintenance
(TPM). The new system is a comprehensive approach to production manage-
ment which aims at “zero defects, zere down time, zero accidents and zero
absentecism’. With courses spread over three years, the programme provides
training in TPM to staft at all levels. Managers are confident that such an
ambitious version of TPM is feasible.

Anothernoteworthy feature of the firm's conlinuous improvement programme
is its emphasis on policy deployment, an approach described in Chapter 4.
Overall objectives are st out by management in the yearly business plan. The
Managing Director and Divisional Heads meet daily to discuss current issues
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and resolve problems. Workers also regularly discuss production problems
with foremen and supervisors. All of these meetings pay particular attention
to costs. Information on production costs is kept up to date and prominently
displayed around the plant. So, too. arc examples of cost savings, along with
clear explanatiors of how these savings were accomplished. A rigorous system
of internal auditing means that financial performance is carefu''y monitored
and that actual production costs are constantly checked against targets.

In addition to cost control, these procedures are intended to make the
management process clear to workers. A cornerstone of the firm'’s philosophy
is that managers’ decisions and actions must be understood by employees if
their contribution to the firm is to be maximized. While the involvement of
workers should not be overrated, it has resulted in 2 number of improvements.
Examples include the modification of a radio model to reduce the occurrence
of short circuits, time and paper savings through simplified administrative
routiaes, better plant layout and compensation for power cuts by working
overtime.

A final noteworthy feature concerns Matsushita’s links with distribvi-rs and
suppliers. It operates a network of agents and service centres throuzi:cut the
region. All receive regular visits from a company representative and report
back to the firm every month, supplying information on consumer complaints,
servicing problems and related matters. Matsushita helps these firms to
incorporate elements of continuous improvement and total quality control into
their own operations. The subsidiary also provides assistance in production
management and consumer services. The main purpose of all this assistance
is to improve the quality of goods supplied and enst:, e that items are delivered
on schedule.

In conclusion, the success of this East African manufacturer is largely due
to its mastery of certain techniques of continuous improvement. Though the
firm has not fully achieved its declared goal of converting empioyees into ‘co-
managers’, they are the source of many useful ideas and are highly motivated.
Such results offer convincing testimony that continuous improvement can be
an effective option even in the most difficult economic settings.

CONTRACT MANUFACTURING IN THE CARIBBEAN
AND MEXICO"

Elamex S.A. is the ninth largest contract manufacturer in North America and
its operations have grown extensively over the last decade. One reason for this
growth is that many manufacturers of complex products no longer make all the
components and parts they require. Instead, they engage other firms to provide




122 Bevond Quality

some of these items through a practice known as “out-sourcing” (see Box 6.3).
Elamex works on a contractual basis. assembling and manufacturing compo-
nents and other items required by its customers. 1t provides the plant facilities.
labour, engineering and management expertise and any equipment that may be
needed in these operations.

With considerable experience with methods of continuous improvement,
Elamex is capable of providing JIT deliveries throughout North America.'
Among its customers are some of the world’s largest and most sophisticated
corporations. Clients include makers of automobiles. computers. aircraft and
photographic equipment as well as suppliers of complex products such as
information systems and acrospace svstems. Its diverse experience with

Box 6.3 Out-sourcing and global competition

Many firms have found that their costs canbe reduced ifthe job of assembling or making
some parts and items is subcontracted out to other manufacturers. Frequently known
as out-sourcing, this practice has accelerated the transfer of manufacturing activities
from industrialized to developing countries. Thereare many reasons for its popularity.
Suppliers in developing countries may have access to cheap labour and enjoy a
competitive advantage in labour-intensive products. Other factors may be strategic
location, extremely favourable rates of taxation and national regulations requiring that
acertain proportion of a product’s final value be added in the country where the product
is sold.

Critics argue that out-sourcing rarely yields a significant transfer of skills and
technologies, and that profits tend to be repatriated rather than reinvested. Somebelicve
that the method generates little investment or few linkages with other parts of the host
cconomy. They also regard out-sourcing operations as ‘footloose’, meaning that plants
can be quickly relocated if inflation or other circumstances should erode a country’s
costadvantage.

Whatever the validity of these charges, we belicve that the relationship between
manufacturing customers and their out-sourcing partners is changing for two reasons.
First, price isno longer the sole criterion for competitive success; quality, reliability and
timeliness are other important attributes which the supplier must now satisfy. Second,
many of the firms that have created these out-sourcing networks have themselves
moved from an inspection-bound system of mass production to one relying on
continuous improvement and total quality control. Their suppliers must provide JIT
delivery, maintain strict process controls and demonstrate flexible shop-floor proce-
dures that coincide with those of the buyers. Themaker of the finished product or parent
firm is usually willing to supply the necessary technical and financial assistance. These
relationships are changing the nature of out-sourcing. The supplier is no longer a
passive participant whose only contribution to the finished product is through the cheap
labour it employs. Out-sourcing is increasingly becoming a partnership in production.
As it does, the opportunities for leaming and diffusion of continuous improvement and
othertechnologies grow,
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different products, customers and industries, coupled with its emphasis on
continuous improvement, makes it an ideal subject for closer study.

A sophisticated firm such as this one employs a wide range of techniques and
asimple account of specific applications can not adequately describe the central
role of continuous improvement. Instead, some of the major features of the
firm’s approach are discussed and supplemented with selected examples. Two
of the most important of these features concern the firm’s methods of control-
ling work-in-process (WIP) and its concepts of manufactunng lead time.

Understanding the Significance of Work-in-Process

Control over WIP is a central goal of Elamex’s programme of continuous
improvement. This emphasis stems from the fact that WIP is the only part of
a manufacturing system where value can be added by the producer.

Though obvious, this point is ignored by a majority of contract manufactur-
ers in developing countries. Cost overruns, process control problems and
scheduling lapses are common, suggesting that most of these companies have
little control over their WIP. The sources of difficulty are all too evident. Floor
space is consumed by racks and pallets of materials and partly finished items
while operators wait for critical shortages to be filled. Unnecessarily large
teams of workers. engineers and even supervisors are employed just to move
materials around the factory. Meanwhile, shoddy maintenance and a shortage
of parts means that machinery does not function properly and can not be
repaired. In situations such as these, the firm has lost control over WIP and its
indirect and direct costs are unnecessarily high.

Elamex’s own efforts to control WIP make use of several techniques. Three
important techniques arc:

¢  aheavy emphasis on visual controls;
e  creation of focused manufacturing centres;
e early implementation of an overall plan for improvement.

Visual controls were perfected in Japan’s automobile assembly plants, but
the practice has spread to many other industries and is employed throughout the
world. Elamex uscs it extensively in Mexico where itassembles electronic and
electromechanical components and in affiliated operations in the Dominican
Republic and Costa Rica. The system’s major advantage is to ensurc that the
occurrence of any abnormal operating conditions will be immediately recog-
nized. To function properly. cach work area must be arranged so that the flow
of work through the arca can be visually managed.
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Alternative methods of controlling the work flow are: (i) tracking and
reporting procedures which are managed from a site outside the work area; and
(i1) methods of performance planning that make use of historical standars as
a basis for scheduling operations. Visual controls have proven to be superior
to both. They are faster, simpler and cheaper than a computerized system for
tracking and reporting and provide more comprehensive information than a set
of historical standards based on performance and work measurement. The
latter types of indicators tell us very little about the overheads associated with
WIP (for example, the costs of handling materials and parts, inventory storage,
preparation of tools, job set-up or equipment down-time). Ingeneral, Elamex’s
long experience has convinced the firm that visible controls are an effective
management procedure for acaieving high-quality results from labour-inten-
sive operations.

A second part of the firm's programme to control WIP is the creation of
focused manufacturing centres (FMCs). An entire factory can be organized
along these lines, though more ofte:: the method is applied to a dedicated
production line or manufacturing process. Whatever the application, each
FMC is designed to function as a self-contained cost centre and focuses on a
particular set of operations.

An FMC is made up of one or more cells, each of which consists of a small
group of multiskilled operators and a supervisor. Together, this group will have
the authority and responsibility 0 expedite throughput of WIP. A typical cell
includes six or seven assembly operators and a supervisor who determines the
rate of WIP throughput and functions as test technician, group leader and
planner. Members of the cell are responsible for managing all materials as well
as testing, inspection, packaging and related documentation. Cells are closely
linked with their suppliers and customers in other parts of the manufacturing
system. For example, the last step in 2 work sequence (usually testing) serves
as a "pull-signal’ for suppliers at the preceding stage in the production system.

Elamex analysts have a rather specific set of options to work through before
they recommend the creation of an FMC. The cheapest way of creating these
cells is by rearranging the shop floor and ti.is is always the preferred altemnative.
If tooling changes are also required, the costs of conversion to FMC are higher
and analys:s must be convinced that the benefits will also be greater. The most
expensive option would involve new capital investments as well as tooling
changes and shop-floor adjustments. That possibility would be considered only
if other options are not practical.'®

Significantly, neither FMCs nor visual controls will be effective unless they
are part of an overall plan for improvement. Operations can not be simplified
and wasteful procedures eliminated until cach process cost has been carefully
analysed. Such an approach represents a fundamental departure from more
traditional methods where cost reductions are achicved by shedding indirect
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personnel without altering production processes and methods. Nor is it
sufficient to develop improvement plans which apply to one or a few divisions
in the factory. That approach merely shifts problems to other types of
operations and creates greater inefficiencies elsewhere in the production
system (sce Box 6.4).

Manufacturiag Lead Times

Elamex’s emphasis on WIP is reinforced by its efforts to reduce "manutacturing
lead time™. The term refers to the total amount of time required to make a
product and is measured from the time when materials enter the plant until they
are shipped out as finished goods. Analysts identify five operations during
processing on the shop floor that add to manufacturing lead time. These are
known as set-up. run, wait, move and queue.

Box 6.4 Coordinating improvement efforts

The&upbcewbaeuadiuanlmanuﬁmrmg “rmstry to cut costs is the payroll for
indirect personne! such as production supervisors, maintenance personnel, inspectors
or production control staff. They c2n boost profits in the short term by reducing this
componentof theirworkforce. But without accompanying improvements in production
psocesses, the gains tend to be short-Jived. Performance eventually suffers and costs
rise since the services needed to support the present form of production operations are
no longer available.

This short-sightedness can be rectified if the firm develops snimprovement plan. It
will be of little benefit if the plan considers only part of the production system. That
approach is seif-defesting because it again creates bottlenecks or adds to existing
inefficiencies in upstream or downstream operations. This danger can be illustrated
from the experience of Elamex staff who were asked to advise a customer on ways to
eliminate a bottleneck in a specific production process. They recommend the creation
of a serics of small production cells similar to the FMCs described here. The change
sccelerated throughput, eliminated certain steps which added no value and raised
quafity. However, by insisting that one sick production process be treated in isolation,
the customer merely transferred its problems to other parts of the production system.
In this case the bottieneck shifted upstream to the raw msterials warchouse. Further
analysis revesled the need for additional meterial handlers. When these workers were
added, the bottlencck was transferred to the final assembly and testing phase. Once
these problems were resolved, all processing areas were coordinated and shipments
incremsed by 67 per cent ove: the next 12 months. The danger is that without a
comprehensive improvement plan, many firms fail to see the interlinkages between
difflerent parts of their production system and give up their efforts long before realizing
any reauits.
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Sct-up represents the time spent preparing workstations to accept or process
incoming materials. it includes changeover time in the case of downstream
operations.  The amount of time required for these preparatory operations
depends on the job sequence and the steps included in each manefacturing
process. Because the form. fit or function of a workpiece is not altered, set-up
is an indirect labour activity or form of waste that should always be targeted for
reduction. Engineers strive to reduce set-up times in three ways:

¢ Tooling and 100l changeovers can be simplified so that set-ups can take
place concurrently with production of other parts. Quick set-ups and
changeovers can be planned and executed on conveyor lines, presses,
moulding machines and other machinery if the manufacturing process
is understood and thoroughly analysed. Simplification is always the
first option as it requires little if any tooling or capital expense.

¢ Engineers can reduce the time required for changeovers by redesigning
a manufacturing process, developing new forms of tool design and tool
handling and altering plant layout and control precedures. Using these
principles. Elamex has cut the time for retooling andchangeovers to less
than 10 minutes on several production lines.

e  Careful planning of production and an optimal sequence of operations
can further reduce set-up timnes. Sometimes known as “finite schedul-
ing’, this requires that specific types of information be available
immediately as events occur. Examples include a count of production
pieces, process yields and machinery availability (including down-time
and scheduled maintenance periods). Such data can be collected
inexpensively by systems of cards, flags or lights. More advanced
reporting systems make use of computer-aided planning tools.

The second component of manufacturing lead time ts the "run time” and is
the only part of the entire sequence when value is being added to the product.
Direct costs are incurred during this period of time as the form, fit or function
of aworkpiece is altered by manual labour. machinery or some other processing
apparatus. For planners and engineers working on these operations. the
uitimate goal is the continuous flow of material — with no stoppages and the
climination of all non-value-added activities. Run time is fixed once the
processing mcthod has been selected and any reduction will usually involve
additional spending for new capital cquipment.

The third and fourth contributors to manufacturing lrad time occur when
materials are waiting to be used or arc heing moved around the factory. Both
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operations represent indirect costs and are obvious targets for improvement
efforts. Waiting time can be reduced by avoiding long production runs and
striking a proper balance between the various production-line operations.'” In
the case of moving time. the ideal situation is for incoming material to be placed
at the finst work centre immediately after unloading and then follow an
uninterrupted passage through the production process. Any cutbacks in
moving time will not only reduce manufacturing lead time. but can also lead 1o
savings on in-plant equipment for transpert. Elamex. for example. has
managed to reduce its spending for cranes. convevors and other types of
matenal-handling devices. Both waiting and moving time can be cut through
improvements in procedures for handling materials and alterations in the
factory layout.

Queuing is the last component in total processing time. Another indirect
cost, queuing can be reduced through improved management of materials and
production processes. When process planning is poor or the process is unstable.,
the time and costs associated with queuing rises.  Queuing practices are
generally established by company policies and must be continually reviewed.
since any inefficiencies that are inadvertently introduced could become an
accepted part of 2 company’s overall resource plan.

An analysis of manufactuning lcad time can yield valuable insights about a
plant’s operations (see Box 6.5). If large amounts of lead time are absorbed by
wailing. moving and queuing. this is a strong indication of poor planning,
sloppy scheduling and inadequate information tlows. The probability of
defects also rises if the amount of time materials spend waiting, being moved
around the plant or queuing is allowed to increase. Defects logically require
that more time be devoted to wasteful operations which add no value and lead
to higher indirect costs.

Responding to Change with Continuous Improvement

Elamex’s efforts to control WIP and reduce manufacturing Icad times are
central features of the firm's overall strategy. In this section we examine how
one of the firm'’s plants employed these concepts to improve its competitive
position,

The Elamex factory described here works on a contractual basis, supplying
precision assemblies to makers of computer equipinent. The quality of these
assemblies had been satisfactory. although other performance indicators were
less impressive. The plant’s record for on-time delivery was poor and its
production costs were relatively high. Neither of these problems had reccived
much attention until an abrupt change in the business climate forced managers
1o reassess their situation. While the plant had typically carried six months of
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Bex 6.5 Manefacturing lead time and contrel of work-in-precess

Ris not unusnal for analysts 10 find that the manufacturing lead time ina particularplant
is expressed in weeks or months, even though the actus! ron time can be measured in
minutes or hours. In one instance, Elamex engineers working with a large customer
found that a typical manufactured part remained in WIP for fourto six months, although
the standard run time was around 60 hours (less than 2 per cent of the manufacturing
lead time).

Ina second example, Elamex was asked to analyse the cost structure of s customer
and overhead costs accounted for 68 per cent of total production costs. The high
proportion was explained by the fact that, on average, materials were in WIP for 89 days,
although the actual run time was only 17 minutes. The big Cisparity was due to poor
scheduling, erratic work flow, a lack of process control, limited information on
operations and a large number of unplanned process changeovers. Among the other
costs incurred by this firm, ‘quality costs’ (cansed by lack of formal tolerance control
and poor monitoring of manufacturing processes) were a quarter of the total, while
labour accounted for only 7 per cent.

orders. its order book unexpectedly dwindled to less than six weeks of work.
The significance of this decline was accentuated by other factors. Several of
the plant’s customers were retooling before introducing new product lines.
Others were retrenching and had decided to cut back on the number of the
suppliers. All these customers were pressing their suppliers to meet new. more
stringent standards. If Elamex’s plant wished to retain its market, it would have
to reduce prices, improve the quality of its products and begin JIT deliveries.

Plant managers reacted immediately by agrecing on a new set of goals to
mect customers” demands. They included cost reductions. defect-free assem-
blies and JIT delivery. Once *these objectives were endorsed by key personnel,
an improvement plan was drawn up and carcfuily explained to all employces.
A vigourous in-house programme of retraining was then launched. Meanwhile,
various teams were organized to implement the improvement plan, identify
ways of simplifving production processes and develop the plant’s capability for
HT delivery.

Much of the subscquent work fecused on shop-floor improvements. In the
existing plant layout, machines were arranged by function, with one hundred
asseinbly workstations placed in rows around an inspection room at the centre
of the factory floor. It was clear that cost savings and JIT delivery could not be
achieved with this layout. The simplifications being planned for various
production processes would require that benches. machine tools, quality
control workstations and arcas for storage and staging all be rearranged.
F-ventually, the plant was converted to opcrate as an FMC with the original
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inspection room being replaced by a central area for planning and control that
included equipment for tooling and calibration. Aside from speeding the
movement of WIP, the new arrangement allowed for an improved means of
visible control.

Training. process simplificatior and improvement in the plant layout were
only some of the adjustments that were necessary. The rigours of JIT
manufacturing meant that shipping arrangements, methods of inventory re-
plenishment. production schedules and manufacturing lead times all had to be
coordinated between this plant and its customers and suppliers. The firm set
out to accomplish this task by specifying a series of specific targets or
milestones:

¢  Determine customers’ requirements and improve service. The
firm’s overall plan for improvement had to be successfully implement-
ed. At the same time, teams of operating managers received special
training to meet the needs of the customer.

*  Acquire first orders. Customers had to be convinced that the firm
clearty understood their requirements and could satisfy them.

e  Start prototype manufacture. The customer’s cngineers and buyers
had to be included in the plant’s improvement teams. With their help.
manufacturing processes and production schedules could be fine-tuncd
to meet the customer’s requirements.

e  Produce the first article. With the new manufacturing processcs in
place, the firm had to demonstrate that the customer’s standards for
quality could be met.

e  Start pre-production manufacturing. At this stage the customer’s
acceptance of the new methods for production. reporting and statistical
process control was needed. The customer must also be convinced of
the plant’s ability to produce the required guality and volume of prodnct.
Finally, binding commitments from Elamex’s own suppliers had to be
obtained.

¢ Deliver the first production lot. Ensurc that delivery meets the JIT
specifications of the customer.

*  Reconfirm production routines. Decterriine that there is complete
compliance with routines and commitments governing quantity, pro-
duction schedules and quality.
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e Begin full production. JIT production becomes a reality and the plant
is prepared to win new contracts in a more demanding environment.

This detailed sequence of steps followed by Elamex underlines the impor-
tance of commitment, planning and persistence. Though it was easy to
recognize the need for change and to set amibitious goals, managers’ true
challenge is to coordinate all this work and guide the firm through the endless
detail that is a necessary part of the improvement process. The involvement of
customers and suppliers complicated the task in the early stages, but in the
longer run their presence makes the transition easier and the probability of
success higher. After much work and many improvements, this particular plant
became a certified supplier to several of the world's largest electronics
manufacturers.

In conclusion. the principles described here are rigorously followed in plants
producing a wide variety of products for dissimilar customers. An intimate
knowledge of customers and a constant dedication to improvement is essential
in all cases. Once managers understand their customers’ requirements and are
serious about applying continuous improvement, teams should be formed to
accomplish certain broad tasks. First, they inust analyse and understand each
manufacturing process and then come up with anoverall plan for improvement.
Second, they must bring the manufacturing processes under control with tools
such as SPC. Wherever possible, this will he accomplished by simplifying
these processes. Third, they must always strive to reduce throughput time in
order to cut costs, improve quality and speed delivery. Finally, teams do not
consider technological enhancements (such as computer control systems or
automated equipment) until the process is understood and brought under
control.  Cost-effective improvements through process simplification are
always the first alternative.

CONCLUSIONS AND IMPRESSIONS

The case studies presented here provide the basis for some generalizations
which support views cxpressed in previous chapters. First. some observers
have argued that methods of continuous improvement are uniguely suited to
certain cultures, particularly those of Japan and some other Asian countries.
They go on to assume that the same procedures may be less appropriate for use
in other parts of the world. That interpretation is refuted by the experiences
summarized here and by a much larger hody of evidence compiled by other
investigators, Many of the techniques are so simple and basic as to be nearly
universal in their application.  Furthermore. the fact that successtul CIFs
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emphasize cocperation and a collective approach to change fits well with many
local cultures.

Second, the case studies reconfirm the results of more wide-ranging research
which points to the crucial role of management in promoting continuous
improvement. Managers’ contribution to these programmes could be particu-
larly important in developing countries where levels of experience and educa-
tion of production-line workers are often low. Employee involvement is also
essential, but without the commitment of managers, any programme of contin-
uous improvement will flounder.

Third, our research shows that improvements in production systems can
yield very substantial savings. The same point has been argued by Juran and
others who emphasize that the greatest potential for gains in efficiency and
quality can be achieved by focusing attention on the production system. This
possibility is especially relevant for manufacturers in developing countries
where capital shortages and foreign exchange constraints make other forms of
improvement and modemnization difficult. Continuous improvement is not a
proprietary form of technology like most types of advanced equipment. The
cost of acquisition is low and the great emphasis it places on workers and
workers’ skills is compatible with the economic and social goals of most
developing countries.

Fourth, industry’s record in developing countries is marred by repeated
instances where firms operate as ‘enclaves’ or industrial outposts with no links
or benefits for the local community. CIFs, with their emphasis on JIT,
customers’ requirements and workers’ skills, can not afford to be isolated from
the local economy. Part of these firms’™ philosophy is to create a community of
employee “stakcholders” who are committed to the company, the customer and
continuous improvement. The vitality of the local economy is essential since
this is where the CIF trades and recruits the employees which are so crucial to
its prosperity.

Finally. a firm’s ability to master continuous improvement does not require
aminimum size or scale of operations. Both small and large manufacturers are
capable of using these techniques. In fact, small firms may even have some
advantages over their larger counterparts. In smali firms the management is
much closer to production. Teamwork, information sharing, and other hail-
marks of continuous improvement are casier to implement in firms with fewer
cmployces and managers on the shop floor. Additional layers of management
in larger enterprises will extend the time required to shift to continuous
improvement production.

In another sense, small firms may be at a disadvantage. They will notalways
he able to create the intensive programmes for internal training we have
described here. It will he important that they join forces with policy makers and
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local training institutions. Higher-level training, whether for small or large
enterprises, can benefit from subregional cooperation. Chambers of Com-
merce and similar organizations can play a catalytic and coordinating role in
this particular field. So, too, can major foreign investors. Concerns such as
these fall into the realm of policy and are discussed in the following chapter.

NOTES

[

This case study relies heavily on Walker {1988) and other materials supplied by Packard Electric
International. Additional information was obtained by UNIDO staff through interviews and plant
tours of Packard’s Mexican operations. Several individuals generously offered their advice and
opinions. Mark D. Sabau, Manager of Mexican Operations was especially helpfu! in providing
important data and allowing UNIDO staff access to all of his facilities. He 21 his staff provided
much insight into the process of continuous improvement in developing countries. Special thanks
also goto John Wyko, Robert Saviers, Rafael Marroquin, Jesiis Ceniceros, Miguel Cizares, Hector
Martinez, Rafael Lépez, ReynaldoCervantes, Jim Faflick, Jesiis Medina Concha, Salvador Flores,
Thomas Goodman, and many others at Packard International-Mexican Operations.

Packard Electric International is affiliated with General Motors. Iis Mexican operations serve
many multinationals, most of them with multiple plants in Europe and North America. These
include: BMW, Freightliner Truck, Mercedes Benz, Siemens, Sumitomo, Suzuki, GM-Toyota,
and Saturn-GM. Packard Mexico's JIT deliveries are to the NUMMI plant (GM-Toyota) in
Fremont, California, the Saturn (GM) plant in Spring Hill, Tennessee and the Suzuki plant in
Ingersoll, Ontario.

These stress marks resulted from use of a small rosebud clip during the assembly process.
Packard's engineers thought the marks were innocuous since they had no effect on performance.
However, they were the reason for an cxtended confrontation between the two firms. Toyota
engincers insisted that the marks were not specified in the NUMMI blueprints and the frustrated
team of Packard engineers eventually agreed. The following day, Toyota’s tcam returned with a
blucprint for a design which prevented stress marks (Walker, 1988, p. 3).

Another of Packard’s visual controls is a card which holds wiring clips used in the assembly of
harnesses. The clips are mounted on cards with each row corresponding to the exact number
required per harness. By glancing at the card. operators can quickly see if a clip is missing from
a harness and what type it is. This simple device is more effective than expensive electronic
ciecking systems. Another visual aid is used on the cabinets where dies are stored. A magnet
identifics the dic size and position in the cabinet. When the dies are in the compartment, blue
magnets arc put on the door. A green magnet signifies that the die is in usc on a press, while a red
magnet means the die is being serviced or replacement parts are on order.

For instance, on the same day that a General Motors official praised the orderliness of the Packard
plant, onc of the engincers from Sumstomo presented a list of 38 items which were considered
serious housckeeping deficiencies.

Operators are provided with the training and procedures necessary to make such decisions. This
is an cxcellent example of an instance where the remaval of a buffer or other non-value-adding
cushion reveals substantial variation in the manufacturing process.

In one instance, an improvement team achicved impressive results in a particular manufacturing
process by moving two sets of machines to adjacent positions and rearranging the sub assembly
tables. Their objective was to enable multiskilled operators to move more material with the same
cffort. These alterations were quickly carricd outand the results were measured and posted. Once
the changes were introduced, 7 operators were able to perform the same tasks previously done by
12. Walking distances were slashed by 96 per cent. the lead ime for materials used in this particular
process was reduced from 7.5 days to | hour, and inventory was cut from 13 days to onc shift. In
another example, a simple rearrangeme it of machinery reduced both the rate of defectives and the
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amount of necessary floor space by 50 per cent. cut lead times by 46 per cent and slashed inventory
by 33 per cent.

8. Twominor operations — placing rubber gaskets on the valve seats and inserting nuts on the control
bolts — were not included in the analysis of this process since they can be done at other imes and
are used to balance the workload during later steps in the assembly process.

9. One of these recommendations was partial mechanization ¢f several operations. Another was to
double she number of workstations used in the assembly hine. Both required significant additional
investments and were not considered. A third proposal called for additional equipment to
accelerate the inspection procedures at workstation 5. Team members noted that the time reguired
for inspection was mainly a function of the operating ime of the machinery used. The existing
apparatus for testing was outmoded and managers agreed to include the purchase of new equipment
in their investment plan.

10. This case study is based on a more extensive analysis of companies in the United Republic of
Tanzania carmmied out by Paul Hesp and Masayoshi Matsushita. Regional and Country Studies
Branch. UNIDO.

11. Expatriates are the Managing Director who doubles as Director of Finance and Administration.,
a Director of Marketing and a Director of Planning ond Production who also serves as Director
of Battery Production and the Manager of Radio P:oduction.

12. Thec mpanv’s minimum wage is slightly above the average for all manufacturers, though kess than
offered by most parastatals. One of the firm’s advartages is that wages are paid regularly (which
15 not always the case in other companies). Another is the generous range of services it offers.
including free lunches, transport and health care.

13. New equipment (again from Japan)is to be installed during 1993-94, possibly with some Japanese
government support. However. the main source of finance for the expansion is the subsidiary’s
own foreign exchange earnings.

14. This case study was prepared by Nicolas Phillins, Director of Enginecring and Technology for
Elamex, S.A. Dr. Phillips is in charge of Elamex’s programmes in Industnial and Manutacturing
Systems Engineering. Environmental Management and Quality Management.

15. The firm recently received an advanced quality certification from the British Standards Institute.

16. Start-up operations may obviously find it cheaper to create a serics of FMCs than firms or plants
thatare already in operation. Firms that design their new plants to operate in this manner are often
able to undercut competitors working in older factories. Elamex’s managers experienced such a
case when they were asked 1o bid on a contract to assemble wiring harnesses. They knew thai the
customer’s own manufacturing process required 300 direct labour operators. Afier redesigning
the operation, Elamex determined that it couil! reduce the number of warkers by a third and based
its bid on this workforce. Elamex lost the contract to a aew plant of another company which was
able to do the same job with only 49 operators. There were no significant dificrences between the
two firms’ technologies. The outcome was mainly determined by the fact that Elamex’s nval had
a new plant which was ofiginally designed to work according to FMC and 1o make use of an
advanced system of visible controls.

17. Production-line balance is largely determined by the speed of the conveyor and the number of steps
performed by cach operator. It must be continucusly monitored to ensure that work is evenly
distributed hetween each workstation. Operator atiguc, differences in efficiency and the abihity
1o meet quality requirements must also be taken ito account.
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7. Problems and Prospects

Firms that successfully implement programmes of continuous improvement
can look forward to substantial gains in productivity and efficiency. Given the
potential benefits, we might cxpect to find some of these techniques in almost
any manufacturing plant. whether it is located in an industrialized or a
developing country. Yet that is clearly not the case. One disturbing feature is
that few companies in developing countries have embraced this option.
Manufacturers in industrialized countries are proving to be willing experiment-
ers -— perhaps becausc they are more exposed to the pressures of international
competition — but their counterparts in developing countries have been slow
to adopt the same techniques. Ironically, itis the latter firms that probably stand
to gain the most from continuous improvement. Anothcr concem is that the
success rate for all new practitioners appears to be modest. The evidence on
this point is anecdotal, although a substantial number of firms that have tumed
to continuous irnprovement have been disappointed by the results.'

Some of these obstacles are unique to the developing countries while others
are common to firms in any part of the world. The more important barriers
which exist within the firm are described in the following section. Other
hindrances and options for promoting continuous improvement that are dis-
cussed in this chapter include: the imerrelationship between culture and
managerial styles. the role of public policy, priorities 1.r education and
vocational training and actions which individual firms can take tc, promote
continuous improvernent.

BARRIERS TO IMPLEMENTATION WITHIN THE FIRM

Entrenched resistance and managerial indifference are two of the most com-
mon obstacles. The main source of opposition may be managers, workers or
both but the most formidable barriers to improvement originate in the top
echelons of management (Mogab and Bas, 1992), Many senior executives are
extremely impatient, defining success purely in tenins of its impact on short-
term financial indicators.? Their predilection for ncar-instant results suggests
they do not fully understand or accept the principles of continuous improve-
ment. Such a simplistic view can quickly breed more confusion as managers
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are likely to assume that specific tools — for example, quality control circles
or statistical process control — are synonymous with the overall process of
continuous improvement ( Yoshida. 1989). But wnen particular tools are used
in isolation from other components. the outcome is likely to be negative and
discredit th= entire programme.

A managerial attitude of indifference can be just as damaging. When senior
executives choose to delegate the responsibility for improvement activities to
subordinates. these programmes become another specialized function rather
than the overarching concern for the entire firm. In effect, managers are
sagnalling that they have more important things to do, or that they do not
understand improvement activities. A general waning of interest and a lack of
support for the improvement programmes soon follows — particularly if these
activities are not immediately translated into higher profits.

Continuous improvement necessarily requires that the role of almost every
member of the firm be altered. The heavy reliance on informal information and
shop-floor innovations are some of the major reasons for this change. If
improvement programmes are to succeed, production-fine workers must be
given greater responsibility. It follows that other members of the firm will lose
some measure of responsibility and authority. Middle managers and supervi-
sors are typically the losers and may vigorously oppose the use of CITs.

Morc broadly-based resistance emerges when managers use improvement
programmes as a means of shedding workers and eliminating layers of
management. Thistactic isacommon one in industrialized countries, although
it runs counter to the principles on which continuous improvement is based.*
Suspicious employees are disinzlined to share production information and may
actively oppose any attempts to introduce improvements on the shop floor. In
fact, all forms of innovation and planning become more difficult when
individuals fear that their best efforts could cost their jobs.

How can aspiring CIFs deal with these internal obstacles? Without the
unequivocal support of top managers, any of these programmes will flounder.
But a strong commitment by managers is not enough. They must also know
how to improve flexibility, productivity and quality. To deal with workers’
concern about sccurity, managers must make it abundantly clear that improve-
ment efforts will not result in job losses. It is incvitable that firms must
sometimes reduce their workforce. If possible, this phase should be completed
before embarking on such a programme. Workers with a measure of security
and job certainty will not only be more open to continuous improvement but are
more likely to acquire valuable firm-specific knowledge.
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THE MANAGEMENT GAP

The fact that some managers do not provide the support and leadership which
improvement programmes cemand may reflect a widespread shortage of
people with the requisite supervisory experience and skills. This scarcity of
managerial talent is a general baitier to continuous improvement and discour-
ages the inflow of direct foreign investment which can transmit these skills.
Much of the managerial experience that exists in developing countries is gained
in public enterprises, multinational corporations or family-run firms, and each
of these organizational forms is discussed here.

Governments in many developing countries have begun to reduce their
ownership of and control over manufacturing enterprises. Yet the size of the
public sector remains large and its legacy for modern-day managers is great
(Perkins, 1991). Publicly-owned companies typically draw from a small pool
of potential managers. This group may be highly educated, but many are
political appointees with little management experience. Nor are they likely to
gain managerial cxperience in a state-run enterprise. Such firms are slow to
change and possess no system: which allows managers to learn from their
mistakes. Major decisions are often taken by government officials and the
tfirm’s senior manager then adm:nisters them in a ‘top-down’ fashion.

The possibility that some of the techniques described in this book would be
considered for use in such companies is remote. Publicly-owned firms in
developing countries rarely have any means to determine whether their outputs
are actually meeting the intended results (Seckler and Nobe, 1983). Mean-
while, their managers tend to identify with the government agency or political
group that is mainly responsible for their appointment. Neither of these
characteristics will be conducive to the development of improvement
programmes.

Another potential source of managerial expertise is the multinational corpo-
ration. These firms’ preference for local sourcing, coupled with their ample
experience in continuous improvement and the large number of subsidiaries
which exist in developing countries, make them a useful channel for the
international transfer of improvement skills. That option has certain iimita-
tions, however. One is that much of the multinationals’ investment is concen-
trated in a small number of developing countries and in specific fields of
manufacturing. Another is that multinationals pay more generous salaries than
most local firms and it is difficult to lure these managers away. Finally, some
of the world's leading CIFs are reluctant to use many local personnel in
managerial positions. The opportunitics for domestic employces to master
elements of continuous improvement and other modern management tech-
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niques may be constrained by limits placed on their upward mobility (see
Box 7.1).

Many manufacturing firms in developing countries are family-run. These
companies are usually small and their managers are not far removed from the
production line. Such conditions should offer numerous opportunities to rely
on shop-floor improvements, though most evidence suggests that family firms
are inclined toward management practices that are inimical to continuous
improvement. Research in Brazil (where 95 per cent of registered firms are
family-run) indicates that a majority of owner-managers operate in a paternal-
istic manner. They are surrounded by an inner circle of relatives and friends
which has nothing to do with abilities or professional competence. Most
members of the group remain with the firm for a long time. although the
turnover of line staft and workers is high. Not surprisingly. family firms that
operate in highly protected markets have a long life expectancy and show little
inclination to alter their existing managerial style (Bos. 1993). When exposed
to fast-changing markets. many of these will be among the first to disappear.
Whatever their fate, it is clear that such conditions are not likely to produce a
cadre of managers who are open to methods of continuous improvement.

In summary. manufacturers in developing countries may have great diffi-
culty finding managers and supervisors with any training or experience which
is relevant for improvement programmes. None of these firms — state-owned.
family-run or even multinationals — serve as a good breeding ground for the
necessary management skills. Firms in developing countries wiil often be
forced to consider other options in order to assemble the necessary skills to
implement continuous improvement.

Box 7.1 Local managers as s conduit for continwous improvement

Multinationals that rely on continuous improvement in their country of origin are
sometimes reluctant to employ many local people as managers in their overseas
subsidiaries, When such a hiring practice is widely followed, it raises questions about
themultmauonal suhluymmmnmfwmmmmwoqumm

established their firms as world leaders. In Mexico, there is evidence that foreign
muitinationals have actualfy reverted to more traditional methods, such as heavy
reliance on inspection procedures, to ensure that quality levels are maintained.

Itis possible that locally recruited workers, when they realize that their chances for
promotion are limited, will not be motivated to expend the extrs effort required for
continuous improvement. For further discussion, see Wilson, 1992; Shaiken and
Browne, 1991; Bés, 1991; and Fucini and Fucini, 1990.
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THE IMPACT OF CULTURE ON MANAGEMENT*

The question of whether continuous improvement is suitable in some cultures
but not others has been briefly noted in earlier chapters. Our own view is that
the performance of employees is mainly determined not by cultural traits but
by the organization in which they work. With access to the same set of tools
and knowledge. people from different cultures tend to perform similarly in
similar organizations — and people from similar cultures will perform differ-
ently in different types of organizations (Seckler and Nobe. 1983). Further-
more, the objectives of continuous improvem-nt are universal. Measurable and
ongoing improvements in manufacturing process and products are not cultur-
ally relative.

Culture does enter into the discussion in a narrower sense. however.
Managenial style is a product of the individual's culture (Trompenaars. 1993).
There are probably several different management styles that are compatible
with the principles of continuous improvement. though the most effective style
will depend on the culture of the firm's workforce. An achicvement-oriented
managerial style has been assumed throughout this book, but two other versions
— the ascriptive and the paternalistic manager — are also common and are
briefly discussed here.

Ascriptive cultures assign a high value to social prestige. Individuals are
rewarded on the basis of kinship, family position. gender or age. personal
contacts, educational level and similar criteria. This approach can lead toquite
different results from an achievement-oriented system where individuals
receive recognition according to an objective record of their performance. For
example, an individual in an achievement-oriented culture is likely to be asked
what he studied. whercas in an ascriptive culture the same person would be
asked where he studied (Trompenaars, 1993, p. 10).

The ascriptive manager spends a great deal of time and cnergy building
networks of allies and supporters. Members of the firm who share the
manager’s attributes are the ones receiving promotions and other organiza-
tional awards. Such a style does not preclude the option of continuous
improvement but when senior managers base their decisions predominantly on
ascriptive criteria, there is little possibility that these programmes can succeed.
Ascriptive-oriented management is common among firms 1n both the public
and private scctor in many developing countries.

Paternalism is one of the oldest forms of human organization and often goes
hand in hand with an ascriptive style of management. ft refers to the behaviour
of a superior towards a subordinate -~ in much the same way thata father relates
to his child. Such relationships assume many forms but the tacit assumption
underlying paternalism is that the subordinate facks power and knowledge and
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therefore needs the help and protection of the more experienced and competent
supertor. Aid and security are provided by the paternalistic manager in return
for unquestioning loyalty. respect, and cooperation of the subordinate. Such a
managenal style is found in family firms, in many small and medium-sized
firms and in a number of public enterprises and bureaucracies.

Paternalistic managers are resistant to change and tend to be intolerant or
sceptical of new methods and procedures. Their firms are very tightly run, with
rigid administration from above and rules to govern every type of procedure.
If certain actions are not explicitly permitied, members of the firm will
generally assume that they are prohibited. Cnticism and information flows
from top management downward and any questioning of authority is defined
as insubordination.

Such an environment influences the behaviour of the entire workforce.
Middle managers. production-line supervisors and shop-floor workers tend to
be “risk averse’. meaning that they are reluctant to take any actions which have
an uncertain outcome. Virtually all members of the firm refrain from making
suggestions about ways to improve production processes. Instead. their
attention is focused on matters relating to production inputs and a premium is
placed on the adheren-e to carefully designed production plans. Change
becomes very difficultin such paternalistic enterprises and any externzl shock
(forexample. animportan: technological innovation) cantrigger endless power
struggles. Unfortunately. these struggles usually pit one paternalistic manager
against another. Such disputes lead to the active suppression and control of
information which is seen as a possible weapon against perceived enemies. The
main concern of the protagonists is with power rather than organizational
performance (Seckler and Nobe. 1983, pp. 288-91).

Neither ascriptive nor paternalistic enterprises would seem to provide a
healthy setting for continuous improvement. Upward mobility is constrained,
middle management and production-line workers have little decision-making
responsibility and information flows mainly from top to bottom. Yet many of
the undesirable characteristics exhibited by these types of firms are shared with
mass production manufacturers. And it is the mass production firms which
account for the largest number of new recruits (o continuous improvement. The
most important characteristic determining the success of an improvement
programmec is that the senior executives — regardless of cultural influences —
are commiticd 1o a system that provides incentives for st .:ained improvement.
OGnce committed, all managers will be confronted by n:w roles and challenges
that will change the way a firm operates.

Supporting evidence for this view comes from Japan. where both ascriptive
and paternalistic management styles were commonplace in the period when
continuous improvement first took hold. Thatheritage is readily apparentioday
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in the way many of these firms are organized and operate. Job secunty.
consensual decision-making. systems for promotion and reward are based on
characteristics other than performance. Links between suppliers and their
customers are only some of the Japanese charactenstics that fit into the
ascriptive or paternalistic mould. Other examples are the senior managers’
insistence on the notion of a “company family™ and the fact that subordinates
participate in both the duties and privileges of family members. All majorplans
and policies emanate from the highest levels of the organization. being
interpreted and translated into concrete action plans at cach level of seniority.

While similarities between management styles in the developing countries
and Japan should not be overlooked. important differences remain. Decisions
in Japanese companies are sometimes biased in favour of ascriptive or
paternalistic criteria but the consequences tend to be specified and are increas-
ingly contractual. The loyalty and commitment of workers is invested in the
organization rather than in a paternal leader who dispenses favours. Most
important, top management assumes responsibility for creating and maintain-
ing a system that encourages ongoing improvements.

In conclusion, culture does influence managers, though it need not stifle the
improvement precess. Nor does there appear to be any single best cultural
predisposition for managers who wish to implement such programmes.*
Improvement efforts flourish in an environment of cooperation — which may
fit well with many cultures in the developing world that display a strong
collectivist orientation. It is also possible that continuous improvement
methods are more appropriate to such cultures than mass production methods
suchas performance appraisals and management by objectives (UNIDO. 1991,
p-9).

THE ROLE OF GOVERNMENT AND PUBLIC POLICY

Productivity gains are an essential part of any country’s long-term cfforts to
raise standards of living. Firms must constantly scarch for ways to increase
productivity through cvery means possible. At the same time, they need to
develop the capability to move into new and more sophisticated ficlds where
levels of productivity are generally higher (Porter. 1990, Chapter 1).

The policy environment in developing countries is not always conducive to
these sorts of developments. Many public officials ascribe 10 a view of
cconomic growth which holds that productivity gains depend largely on rates
of capital accumulation. The consequences of this view are readily apparentin
the policy mix of atypical developing country (see Chapter 2). The availability
of capital is clearly a critical growth stimulant. but there is abundant evidence
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which indicates that rates of capital accumulation do not explain satisfactorily
why some countries enjoy faster rates of economic growth than others. Instead.
itis the different ways that a country s economic agents use all their productive
inputs which determines intermnational ditferences in economic performance.
Examples include a broad range of improvements in the capabilities of
managers and workers and more effective ways to use existing plants, equip-
ment and other resources (see Perkins. 1991.pp.11-54). Options such as these
willhave a greater impacton the overall pattern of productivity growth than the
indiscriminate accumulation of capital.

A policy maker’s neglect of microeconomic matters can also hinder the
development of improvement programmes. Governments inevery country can
point to a vaniety of policies they have adopted to encourage economic growth.
Prominent examples are measures to encourage privatization. exchange rate
policies to alter the prices of imports and exports (for example, devaluation),
high taritt walls and non-tarift barriers to shut out mmports, tax reforms,
methods of dispersing credit ard foreign exchange allocation to favoured
industries and programmes to cncourage exports. A primary objective of these
policies is to attain some competitive advantage by exploiting the availability
of natural resources or cheap labour, by altering prices through policy means.
or by shutting out foreign compeuition.

However. productivity growth and higher living standards are unlikely to be
attained through measures that do not encourage firms to take initiatives on
their own. One drawback is the implicit assumption that managers will always
choose tiie most appropriate combination of technologies and inputs from
among all those available. Such foresight would be rare even in the most
sophisticated cconomies. Another danzer is that any competitive advantage
created by such policies tends to be transient or inherently unstable. The same
tactics can be casily imitated by other countries and any competitive advantage
is quickly croded.

The sorts of policies and initiatives that are meant toencourage microeconomic
advances may take longer tobring results, but the benefits they vield are lasting
ones. First, they will be cost-effective since they allow firms to develop a wide
range of competitive capabilities without the need for massive goverament
support. Second. productivity gains and similar forms of progress will not be
undermined by intlation or crratic shifts in exchange rates.  Finally, this
‘iternal” impetus for productivity growth and development of competitive
prowess provides the strong base for new business formation that can he
translated into a healthy and growing industrial base. Such a policy orientation
s especially important in developimg countries that have yet to develop a wide
range of manufacturing capabilities and where government ownership or
control Kas overshadowed the intluence of the private sector.
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Policy, however, is no substitute for the dedication of managers and firms.
Programmes of continuous improvement can only succeed through the efforts
of the firms themselves. Governments — even those staffed by highly qualifieu
and dedicated civil servants — have been notoriously unsuccessful in manag-
ing firms and in responding to rapid changes in market conditions. Public
officials are rarely in tune with market forces and are influenced by many
political considerations that bear little relevance for objective improvement.

Policy makers in developing countries can encourage the implementation of
continuous improvement by offering greater support to the development of
management and technical resources and by upgrading labour skills. Such a
shift will necessarily mean that less resources are spent to defray the costs of
capital and encourage capital accumulation. However. the implicitassumption
that managers will naturally adopt the most efficient methods of production and
organizational forms if only they are provided with the proper equipment and
facilities does not hold up to scrutiny in most cases.

EDUCATION AND TRAINING

In order to promote continuous improvement, government officials must make
adjustments in educational programmes at the primary. secondary. vocational
and university levels. These moves are essential since the cost of training and
education can not be bore by a majority of enterprises in developing countries.
Special efforts may be required at the university level. Public funding for
cducation in many developing countries tends to be overwhelmingly biased in
favour of upper-income groups and offers limited support for science, math-
ematics. engineering, statistics and related ficlds which are so important for
continuous improvement (see Box 7.2).

Technical universities and vocational schools are an especially critical part
of any nation-wide programme of continuous improvement. These institutions
stress practical applications and their facultics are knowledgeable about the
industrial environment. They can be a prime vehicle (o promote statistical
quality control, total productive maintenance, guality design and other im-
provements in products and production processes. Government officials can
assist by encouraging technical and vocational schools to cooperate closcly
with industry and to maintain continuous contacts with companics. Policy
makers can intervere directly by encouraging a variety of cooperative arrange-
ments hetween universities, vocational and technical institutions, businesses
and research bodies. Amaong the options available, the following are some of
thc most promising:
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Bex 72 The need 8o redirect public speading prievitics for cducation

-¥hose st the primary snd sccondary levels. Buat in many developing countrics the
isabalence in spending patterns is extreme. Forexansple, figares gathered by the United
Nagions and the World Bank indicate that in some developing comntries the typical
oniversity stedent receives up 8o 90 times as much in public mancy as each primery and
secondary student. This bias reflects the fact that almost all university gradustes come
from upper-income groups which wield considerable political infleence. Theresultis
that 2 vast majority of the country’s workforce gets little public support for their basic
education. Later, these students go on to become factory workers and may be Hl-
prepeared in programmes for improvement and total quaiity control.

University professors in developing countries also have a predilection for theory
over practice and prefer 80 remain aloof from the real-world problems occurring on the
factory floor. Their training and capebilities are seldom brought to bear in fields such
as continuous improvement. These attitudes are reflected in the material covered in
peovide any training in statistical quality control — despite its widespread use and
inportance. Instead, students are expected to master material which is important in the
formal study of statistics. Such an approach provides neither a basis for action, nor the
ability to predict results of the next expesiment. Yet both these attributes are critical
for process and product improvement (Deming, 1982, pp. 67-8).

. A range of apprenticeships. internships. and schemes for on-the-job
training which provide expericnce in the practical application of CITs.

. The use of visiting instructors from industry. including consultants and
employees of local subsidiaries and affiliates of multinationals. to teach
methods and techniques of continuous improvement.

) Strong links between research groups in universities and private compa-
nies which stress applied rescarch on new methods of continuous im-
provement.

. Collaboration between universitics and industrial and trade associations

on strategics relating to continuous improvement.

. Creation of permancnt training centres based in umiversities.

Apprenticeships and internships provide students with the opportunity to
combine formal instruction in methods of continuous improvement with on-
the-job training.® The host firms can cvaluate prospective employees and get
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cost-effective suggestions on ways to improve shop-floor procedures. Mean-
while, the institutions strengthen their links with individual companies and stay
ab;2ast of new developments inindustry. Government support — for example.
various types of subsidies or tax breaks to employers or schools — may be
necessary in most developing countries when programmes for apprenticeships
or internships are first launched. Cver time, employers should recognize the
value of these programmes and support can be withdrawn.

The effectiveness of training can be greatly enharced by bringing experts
and practitioners from private industry into the classroom. In many developing
countries this resource is overlooked by educational institutions.” Yet, local
firms and multinational corporations may possess a rich reservoir of talent and
experience in the field of continuous improvement and quality control. The
visitors can conduct workshops and seminars on specific topics and applied
problems, as well as serving as guest speakers to augment formal classes. Such
expertise is based on practical experience rather than academic credentials and
helps students to identify the most effective techniques from a wider range of
theoretical alternatives. Because most CITs are developed by industrial
specialists rather than academics, practitioners tend to be more up todate in the
use of the latest techniques.

Governments in developing countrics may have to initiate thesc inter-
changes. State-funded educational institutions should be nudged in the
direction of more interchange with the private sector.® Local industries must
be encouraged to offer their employees classroom training (possibly with
subsidies or tax breaks). If the government makes its support for the national
diffusion of continuous improvement evident — perhaps by establishing
national awards akin to the Deming Prize in Japan or the Baldridge Award in
the United States — firms will be more willing to voluntarily support local
educational institutions. Such support can also be a condition for investment
by foreign multinationals.

Leading industries in many developing countries are often associated with
specialized researchinstitutes or specific academic departments in universities.
Government support for those centres dedicated to applied methods of contin-
uous improvement can have significant pay-offs. Funds may be reallocated
away from government laboratories which have a poor record of success in
order to support commercial applications. Public officials can also encourage
research with commercial implications by providing matching funds or under-
writing the costs of contracts between industry and university rescarch insti-
futes.

An even more effective approach is to establish pcrmanent university-based
centres dedicated to training managers, technicians and workers in the appli-
cation of CITs.” UNIDQ is currently assisting in the creation of such centres
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in Brazil and Hungary. They can be staffed by full- or part-time facuity with
plant-level experience in applied methods of quality control and continuous
improvement. Training sessions and seminars should also include quality and
improvement professionals from multinational firms as well as their national
counterparts. Government support is required in the start-up phase. However,
these centres are ultimately expected to be seif-finzncing (usually within three
years) through funds obtained from trade and industry associations and
chambers of commerce, as well as fees paid by individual firms.

Creation of a permanent centre can be an invaluable step in promoting and
disseminating methods of continuous improvement in a developing country. A
major advantage is that customized courses can be developed for specific
industries and firms. A more effective balance between classroom training and
on-site assistance also becomes possible. Staff are expected to visit clients’
plants and assist in the implementation and monitoring of techniques. Finally.
a permanent centre will be able to address the strategic aspects of continuous
improvement which firms or short-term experts can not.

Aside from these advantages. a permanent institution avoids some of the
pitfalls commonly encountered with other methods for training and applica-
tion. First, they will generally be cheaper than consultants and their training
more appropriate than that offered by universitics. Second, consulting firms
tend to specialize in a limited range of CITs which may not be appropriate for
the changing needs of the firms. A permanent centre is better able to meet these
varied and changing needs. Third, assistance from consultants is almost always
limited in duration, although the transition from a beginning practitioner tc a
CIF takes many years. Fourth, a permanent centre is better prepared to advise
on many of the strategic issues of continuous improvement which are of a long-
term character and link suppliers with their customers (sce Box 7.3). Finally,
these centres can afford to take a very practical approach to improvement
problems while universitics (and sometimes consultants) emphasize theoreti-
cal aspects rather than applications.

PROMOTING CONTINUOUS IMPROVEMENT IN THE
FIRM

Firms, rather than countries or governments, are on the front lines of the
competitive struggle and will need to do everything possible to ensure that their
improvement programmes succeed. There are several steps manufacturers in
developing countrics can take to improve their chances of success. Costs are
associated with cach step but should be regarded as a necessary investment in
the productive capabilitics of the firm.
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Box 7.3 Strategic and long-term issues for promotion of continuous
improvement

A permanent centre dedicated to traming and dissemination of the techniques of
continuous improvement is the only institutional option which can handle certain
aspects of a widely-based programme. Because each centre is expected to be self-
fimancing, itmust have close comacts with trade and industry associations as well as the
larger firms in the developing country. This network is a greatadvantage when dealing

Forexample, there may be widespread agreement that JIT manufacturing represents
adesirable step for most members ofa particular industry. However, the move requires
the active participation of suppliers; they must be able to produce relatively defect-free
lots of materials in specified amounts and make them available at agreed times. Without
this capability, the best efforts of the downstream manufacturers will not succeed. A
permanent centre can work with chambers of commerce and trade and industry
associations to gain support for the widespread adoption of JIT. Later, it can provide
the specific types of training and long-term support that such a programme would
require.

Top exccutives and their staffs must be familiar with the techniques of
continuous improvement and be personally involved. Senior managers need to
be trained before the firm can embark on a programme of this sort. This group
is often so immersed in the day-to-day routine of business that the conncction
between production processes and the end goai of customer satisfaction is lost.
Improvement-based strategics for long-term growth must be based on a clear
sense of how the firm intends to serve the customer. Managers will have to
develop an entirely new set of priorities. These are taken very seriously and are
discussed thoroughly at an carly stage during executive training.

Managers must also understand the role of statistical variation and how the
basic statistical methods (control charts, graphs and other tools of continuous
improvement) arc used. They need to be familiar with the experiences of other
firms and able to adapt these experiences to their own situation.  Middle
managers will ultimately have to function as trainers or group leaders and will
be expected to train subordinates . the use of CITs. These tasks are more
difficult than issuing dircct orders: all middle managers will need training to
prepare them for their new responsibilities.

Training should begin with a one to two week course of full-time study for
senior and middle managers outside the plant. 1dcally, these courses would take
place in an institute which specializes in continuous improvement and related
disciplines. If a permanent institute docs not exist nearby, or if managers can
not leave the plant, outside consultants and trainers may have to be brought in,




148 Bevond Qua'ity

This option can be expensive and the range of insuuction may be limited.
Alternatively, there are many useful books (often widely translated) and videos
which can be used in-house. While motivated managers can learn much
through self-study (see, for example, the suggested readings at the end of this
chapter) certain topics like statistical process control are better mastered when
taught by qualified instructors. All managers should consider themselves
students of continuous improvement and participate in self-study and in-house
training on a continuous basis.”

Supervisors, foremen, technicians and engineers must thoroughly master the
tools of continuous improvement. Training for this group will focus less on
strategy and more on shop-level techniques such as reductions in set-up time,
TPM and the design and operation of cellular processes. Engineers should
receive training in SPC and more advanced techniques.'" Supervisors and
foremen require guidance in group dynamics, communications skills, team
work and training skills as they will participate in self-managed and semi-
autonomous work teams such as quality control circles.

While group and team work is well suited to capture important information
and ideas direct from workers, these activities will alter the traditional roles of
middle managers, supervisors and foremen. Supervisors working in develop-
ing countries do not normally seek consultation or suggestions from subordi-
nates. Once improvement activities begin in earnest, supervisory personnel
have a crucial role to play within the improvement groups. They must foster
worker creativity and train their workers to use the tools of continuous
improvement. These new duties will prove difficult and need to be supported
by long-term training.

Workers on the production line will also have difficult adjustments to make
as programmes of continuous improvement enter the factory. Rather than
specializing in a narrow set of routines, they will have to function as generalists
performing a variety of tasks. The statistical and analytical tools they use will
be unfamiliar at first but are an integral part of the overall programme. Atthe
same time, attitudes and relations on the shop floor will also have to change;
collaboration will be a promincnt part of the new environment. All these
adjustments will be difficult, but the workers that successfully make the
transition will be more productive and mere satisfied with their jobs.

One of the first goals of training programmes for production-line workers is
to overcome the resistance to change on the shop floor. Workers who have been
accustomed to following orders will be confused and uneasy when confronted
with new roles and expectations. Some will feel threatened by their new jobs
and reluctant to cooperate with others. These fears should be allayed at an early
stage. Workers should also be reassured that continuous improvement will not
lead to job losses.
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The subject matter covered during the initial training of production-line
workers includes the basic analytical tools. the role of external and internal
customers, the importance of statistical variation and the use of data in decision-
making. l.ater, more complicated subjects such as data collection and the use
of control charts and graphs can be introduced through formal courses and on-
the-job training. Courses should be constantly improved and adapted to meet
the specific needs of workers, with the more experienced emplovees conduct-
ing in-house courses for newcomers. Much thought needs to be given to the
content of these courses. methods of presentation. the sequence of material to
be presented and the timing (see Box 7.4).

The scope of training in developing countries may have to go beyond matters
of continuous improvement. Many entry-level workers possess low levels of
literacy and numeracy and have no previous experience in manufacturing.
These shortcomings are an obstacle but need not impede shop-floor improve-
ments. With in-house training, such workers have repeatedly proven them-
selves competent in carrying out all the basic elements of SPC and data analysis.

Box 7.4 Principles and techmiques for in-plant training

One of the first steps in an in-plant training programme is for managers to set up some
procedures to ‘train trainers’. One advantage is that personnel who stdy to become
trainers jeamn much more than passive students. Such an approach also provides an carly
indicator of key individuals’ ajtitudes and abilities to use CITs and helps to generate
new ideas for improvement.

Other important considerations concern the size of classes and the length of time
they run. Providing training to large groups of workers over long periods of time is not
efficient. Themost effective courses will be offered ‘just-in-time’, or just prior to their
actual application (Muther and Lytle, 1992, pp. 103-13). For example, rather than
exposing inexperienced line workers to several hours of instruction, a short session
might stress asingle tool or application. Immediately following the sevsion, the worker
can join an improvement group which is using that method to address a real problem
in the plant. The procedure helps employees to master the proceduares quickly and
grestly increases the effectiveness of the courses.

Training must be recurrent and delivered in a ceries of short sessions lasting 8 few
hours per week. In general, 510 per cent of a line worker’s time should be spent in
leaming new methods and applying new improvement skills onthe job. Managerscan
emphasize the results by insisting that subordinates use the key concepts stressed in
training. For example, if people are being trained to use cause-and-cffect and Pareto
charts, these tools should be employed in reports and meetings on related subjects.
Visual aids can also be used to indicate which methods zre presently being used in the
Improvement programme. These precautions reenforce the impact of training courses
and make it less likely that supervisors and workers will revert to old practices when
under stress.
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Manufacturers in developing countries frequently offer additional courscs in
basic education to raise literacy and numeracy levels. These programmes are
conducted in the employee’s own time but have successfully increased literacy
and boosted workers’ commitment to the firm (Wilson, 1992).

Along with various training courses. the transition to continuous improve-
ment will usually require significant modifications in a company’s system of
incentives. Direct competition between firms in the marketplace yields
substantial benefits to consumers, but competition among individuals in the
same firm can be detrimental to improvement efforts. Incentive structures that
create barriers to cooperation and information exchange between staff under-
mine the firm’s ability to resyond quickly to changes in the competitive
environment. A concurrence of incentives is necessary, with all members of the
firm working towards the common goal of customer satisfaction.

Numerical targets are one form of incentives that may inhibit improvement
efforts. *Zero defects’ and specific targets for sales or cost-cutting programmes
are common examples of numerical goals. One drawback is that targets usually
refer to specific divisions or groups in a firm and may conflict with goals set
for other parts of the same organization. Another conimon flaw is that workers
are rarely provided with any guidance as to how to realize these goals.'? Finally,
numerical targets divert attention from the more fundamental issue ¢ f statistical
variation. If manufacturing processes are statistically stable, numerical goals
serve little purpose. Those that exceed a firm’s capability can r.ot be reached,
despite the best efforts of workers. Conversely, if manufacturing processes are
unstable, managers have no way of knowing what their system can produce and
numerical goals become meaningless. Without sufficient knowledge of their
production system, managers may even misinterpret random variation as proof
of the success or failure of improvement efforts.

Similar comments apply to incentives involving work standards, piece-work
and incentive pay. Work standards are based on an average worker’s rate o
production and are used to predict or control costs. Peer pressure discourages
the more productive workers from surpassing the established work standard cr
quota, while those who are less productive can not achieve that rate. Job
dissatisfaction, employee turnover, more defects and a greater amount of
rework are typical consequences. Reliance on incentive pay and piece-work
forms of payment can be equally ineffective. Workers soon realize that they
will be paid even if many of the items they produce are defective. Some
mnnagers try to discourage this practice by refusing to pay for defective items.
But without a knowledge of their manufacturing processes, they can not
determine whether the problem is due to a worker’s poor performance or to
flaws in the production system. Inspectors and workers may not agree on the
definition of a defcctive item, and the criterion can vary from one inspector to
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the next. Ultimately. each of these incentives methods can jeopardize improve-
ment efforts by eftectively setting a ceiling on the rate of progress in a plant
(Deming. 1982).

The search for more effective types of incentive measures can begin by
recognizing several basic principles. First. managers should make 1t clear that
everyone’s job is to increase customer satisfaction by steadily improving the
production system. Second. they must ensure that all workers understand their
individual roles and are prepared to perform their duties. Once thesc points are
clarified. supervisors can begin to collect data on performance. However.
cvervone should understand that this exercise is part of the overall ‘mprove-
ment effort and is not intended to single out any individual for punishment (see
Box 7.5).

A similar line of reasoning applies when attention tumns to more general
types of incentives linking manufacturers with their suppliers. During the
1970s and 1980s. many mass producers thought they could meet the challenges
of Japanese CIFs by slashing production costs and maintaining low prices
Purchasing managers were urged to seek out the cheapest suppliers and most
buver-seller relationships were only as good as the next quote. This practice
exacerbated quality problems and inhibited the development of competitive
abilities. Meanwhile, CIFs gained market share through process improvements
and long-term relationships with high-quality suppliers.

Firms soon realized that awarding contracts purely on the basis of price was
not an effective type of incentive measure. The savings gained by pitting one
supplier against another arc later lost due to the costs of questionable quality.
More rework, supplier returns. larger stocks and various other hidden costs
make the practice of accepting the lowest bid a losing proposition. Rather than
viewing suppliers as bargaining adversaries. firms must reorder their incentive

Box 7.5 Monitvring werkers’ performance

Managers can begin 1o collect data on workers’ performance once it is Clear that their
musive is to improve production processes and workers’ performance. A series of
weekly samples can be coliected for various work assigrments in the factory. The
results can be compared against relevant characteristics such as experience and levels
of rsining. Those who are good candidates for advanced training can be identified,
while those needing special assistance can be helped or placed in a different job.
Wockers shouid soon realize that managers are supporting them rather than sttempting
to pesdize them for & poor performance.
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systems to allow them to reap the advantages of long-term buyer-supplier
partnerships (Ray, 1992).

Manufacturers may also need to take the lead in persuading govemments to
introduce some of the measures we have described above. Industrialists and
engineers in developing countrizs are far more knowledgeable about the
methods of continuous improvement than are putlic officials. They can exert
pressure on governments (o provide high-level support in this field. By
collaborating with each other and working through industrial associations and
chambers of commerce, firms can influence spending on education, training,
metrology, standards and other parts of a nation-wid= programme. Rather than
lobbying for protection and other concessions from the government, small and
medium-sized manufacturers might seek support in the form of subsidies or tax
vreaks for training and materials for continuous improvement. Government
should be pressured to make the widespread use of continuous improvement a
top priority.

In conclusion, we have championed the cause of continuous improvement
throughout this book and firmiy believe the methods are an essential ingredient
for successful industrialization in many developing countries. The true
advantage of these procedures lies not in the ability to raise quality or reduce
costs. These achievements are important but are not ends in themselves. The
ultimate goal is more ambitious: to give firms the capability and flexibility to
respond effectively to a variety of customers’ demands while still realizing
higher levels of productivity.

This broad goal brings us back to some of the themes set out in the first
chapter of this book. Today's increasingly turbulent environment places a
premium on a firm's flexibility and the capacity to adapt. Such attributes were
less important in the earlier era when manufacturers could carve out a market
niche and then take precautions to defend their position. The change has been
a significant one for firms in industrialized countries, but for those in develop-
ing countries it is traumatic. Markets in the latter countries have long been
fragmented and populated with obedient customers, captive and dependent
suppliers aad slack competitors. But this reality is rapidly changing as
privatization, foreign investment and freer trade lead to greater integration or
the world's cconomies. Firms in developing countries must rapidly upgrade
their managerial skills and their governments must help. There is a danger that
they will be sidetracked by opting for one or more of the faddish themes that
pass through the managerial literature every year. Continuous improvement,
however, is a proven method with a long period of gestation and a history of
success. [t offers an cxcellent starting point from which to build a successful
cadre of managers for the twenty-first century.
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A limited amount of evidence 1s avaslable for firms implementing programmes of wial quabity
management and tofal quality control. For example. sunveys camed out m the United Kingdom
and the United States suggest that only 2030 per cent of the companices believe their quality
programmes have achieved tangible results. Some of the techniques employed by these firms are
also used by followers of continuous impeovement. However, the quality programmes generally
have more complicated and ambitious objectives and their rates of siccess should be lower than
for continuous improvement.

There are many madels for assessmng the “cost of gquality” (such as those of Juran or Taguchi).
However, attempting to quantify in dollar terms the gans from the continuous improvement of
provesses. products. services and traming is problematic — indeed the manager about to embark
on a programine of cortinuoas improvement should know that he can only quantify a small part
of the gains (Deming, 1986, pp. 121-3),

The wave of layoffs occuming in the carly 1990s was aot driven by improvement programmes,
though many firms used the tools of continuous improvement to expedite the process of
streamhining their workforce.  For instance, half the participants in a study of Fortune [00)
companies acknowledged that the outcome of these programmes was to chiminate several layers
of management and supervision (Lawler, et al., 1992

This section draws heavily Gn the work of A, Bés and the authors gratefully acknowledge his
contribution to this baok.

While the cultural influcnces upon managernial sty le are less cnitical than organizational structures.,
there can be problems if amanager docs not share the same celtural background with subordinates.
For example. a paternalistic Nigerian manager may increase improvements on the shop floor in
a plant in Nigena. However, thus same manager — although techmically competent —- may
encounter difficulues using the same approach in another culturz. Japanese managers have
encountered difficulties of this type when introducing methods ot continuous improvement in
plants outside Japan.

The Swiss and German examiples of three-year spprenticeships point to the benefits derived by
both students and industry trom such traiming and collaboration.

For example. UNIDO staff interviewed over 250 plant managers, engineers and technicians in
developing countries. All these individuals were employed in subsidiaries of some of the world's
largestinultinationals and the majonity of local staff they hired were trained in nearby institutions.
Cunouly. rone of the mterviews revealed any systematic contacts between the staft of multina-
tionals and local educanonalinstitutions. Noanstances of cotlaboration or classroom: presentations
were noted.

There may he resistance on the part of faculty to percerved nterloping by non-academics.

A permanent cenire need nothe located atauniversity . A stand-alonc centre can also be established
with assistance from private industry.

In most Japanese CIFs, such traming 1s required for promotion at each step in the organization.
Examples are the staustical design of experiments and parameter design using Taguchs methods.
Numencal targets which are put e place without supplying the necessary traming and tools will
anly create low morale and discredit improvement programmes. Workers are hikely to get the
impression thatmanagement has no plan ather than urging employcees to work harder. Onthe nther
hand., if managers make it clear that they are pussuing a concrete plan to improve the systein, and
if they ensure thut workers are trasned and uaderstand e xactly what is expected, then morale should
increase. Management must channel the brans and expencence of employees into an cffort to
change the system sa everyone can worker smagter - not harder.
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Appendix: A Closer Look at the
Statistical Tools

The practice of compiiing monthly indicators to monitor busiress performance
is well known and widely accepted. Measures will vary from one industry o
another but familiar examples include: output per worker hour, costs of
purchased materials per unit of output, value of goods in inventory and time lost
through accidents or breakdowns. Quantitative indicators such as these can
serve many purposes. They may be used to compare current periormance with
previous trends. determine positive or negative trends in overall business
activity, performance and efficiency, compare the performance at different sites
operated by the firm and so on.

Managers working with these measures know they will vary overtime. They
are also aware of strategies and tactics which can be employed to alter the
indicators. All too often. this is the limit of the user’s appreciation of these
matters. One of the main concemns of this book is the depth of the manager’s
understanding and the range of viable choices he has to alter the outputs and
costs being measured. Managers’ typical uses of such quantitative information
are rather unimaginative. They may compare current results with some forecast
or expec:ation, or evaluate current performance in relation to previous trends.
Rarely do they go any further. Such an orientation significantly restricts the
benefits to be derived from the data.

A much more fruitful approach is to use all the information available in an
effort to determine why indicators behave as they do. By treating current
evidence as part of a longer scries of results, and by making judgements in the
light of the variations observed, managers are able to evaluate current and past
practice and to assess the reliability of their forecasts. The distinction between
common and special causes of variation represents a first step in this direction.
The two concepts are meant to serve as guidelines to identify and eliminate
erratic variability, whenever it occurs.

Aside from recognizing different sources of variation, the manager requires
a decper understanding of the idea of variation. Frequently, the monthly
indicator’s deviation from sorue standard is treated as just another isolated
disruption in the manufacturing system. When this line of reasoning prevails,
common and special causes become mingled. The arguments in this book are
predicated on a different view: the majority of deviations are a direct conse-
quence of the production system or way of doing things. In the long term: the
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system will vield many outcomes as a result of process variation.  This
continuum represents the effects of all past decisions and practices and contains
information that can serve as a guide for improvement in the future. Accord-
ingly. managers must track vanation over long periods of time in order to lcarn
about the causes and effects of critical parts of the manufacturing system.

The need fora system-wide perspective to monitor vanation follows directly
trom the foregoing line of reasoning. Managers with limited information on
vartation may readily assume there can be only one reason for the deviations
they ohserve. By tocusing ononly that potential source of variation. they ignore
others which may be more important. Even when the manager identifies a
genuine problem. the remedial action can have unintended negative effects
since other reasons for variation are ignored.  Our objections to the use of
certain numerical standards are based in part on their incompatibility with a
system-wide approach.

Several of the statistical tools which can be used in a system-wide approach
(0 continuous improvement were introduced in Chapter 5. This appendix
provides more details and examples of how statistical methods can be used in
a programme of CIT.

PROCESS FLOW CHARTS

Betore beginning to study any manufacturing process. engineers and managers
must clearly understand the interrelationships between that process and other
parts of the production sysiem. Subsequent investigation may reveal several
very differentopportunities for improvement and a process flow chartis necded
to determine which of these are consistent with the firm’s overall priorities. To
fulfil its intended role. the flow chart must serve three purposes. It should:

o accurately and completely describe the manufacturing process:

o identify the steps or points in the manufacturing process where measure-
ments can be taken; and

o single out all the potential causal factors that need to be considered hefore
collection of data is begun,

The steps involved in creating a process flow chart were spelled cut in the
rext. A simplificd example of a flow chart referring to the assembly of hornpads
for cars was also presenicd there (see Figure 5.1). A more complete version of
that same chartis reproduced in Figure A.d. The shaded areas indicate certain
steps which make no contribution to value added (notably. inspection and
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Figure A.l Revised flow chart of a hornpad assembly process

Sapplier

Uncotl metal sheet

Stamp contact plate

/’\~ YES

(\/Deludn> P Scrap !
... no
//l-—
’.""‘s\ N AR
Vnitunisnl AN Assemble frame <
P and contact plate
. - &

A\
b4 / /|._: !
YES 7

L‘.“_’?’l‘," /Defective? -
N/
v

NO

v v .
P Place pad over frame 4

v
Place emblem
piatc 1n pad <

v
/in:
roce
isventory\ v
: : > Complete
Lorn pad assembly

4
N
YES _ ..
NO
v

Fnd assembly

1
'

i i
Source: UNIDO

non.value-added activities

Supplier
2
7 N
 Buffer
oo seck Oy
v
Apply wood
gram tnm
Y
// \\
«Jetective? YES’E Rework E
~
NO
AR 4 -
Apply polyurcthanc < N
sguy Supplicr
v H
Bake in oven v
- ) /\\
/Bt
/_sock
v :
A Injection mould pad @ -
AN .
7 In-§

;'V.':"'::_:‘"‘;_",\ K

No
/Pcluu?

7 YES
T b
Supplier | Orind !
4
v
N\
Buffer\
/ stock \
v

Unpack embiem plate



160 Revend Qualiry

storage of buffer stock). These operations may be necessary when current
levels of statistical vanation are high or knowledge of the process is limited. but
they are also costly. The reliability of the assembly process could be greatly
improved if vanation is reduced. Non-essential steps can then be curtailed and
cventually eliminated.

Many manufacturing processes require flow charts of considerable com-
plexity. Because these are difficult to read, they are sometimes replaced with
a ‘top-down’ version showing process steps across the top of the page with
more detaileC information listed below. Figure A Il provides anexample of one
of these top-down charts taken from a study of the bottlenecks encountered
when cooling chocolate syrup to the correct temperature before filling contain-
ers.

In summary. process flow charts are an important preliminary step in a larger
statistical exercise. Charts which merely list the order in which operations
should occur will not adequately serve the purposes set out here. Once a
detailed and accurate version has been developed, collection of data can begin
and attention turns to some of the other statistical tools described in Chapter 5.

CAUSE-AND-EFFECT DIAGRAMS

Analysts should try to specify probiems and their potential causes at an carly
stage. It is unlikely that a complete list of the causes and effects can be
developed prior to collection of data. A preliminary cause-and-effect analysis
will nevertheless increase the chances of successfully identifying sources of
problems. We illustrate the application of this tool with the help of an example,
describing the development of both the process flow chart and a preliminary
cause-and-cffect diagram.

The plant studied here produces individual servings of frozen meat pies
(known as pot pics) in metal trays. Standard practice was to inspect every
bottom crust produced and to remove any which had breaks in the dough or did
notcompletely cover the bottom of the metal tray. Statistical evaluation showed
that the system was in control. Nevertheless, a large number of crusts (18 per
cent) had to be scrapped after they were placed in the metal trays but before the
filling had been added.

The management group charged with introducing improvements could not
agree that the large proportion of nonconforming crusts represented a “quality”
problem. Some argued that there was no problem since cvery crust was
inspected and defective ones were removed from the production finc. Nor did
they helieve there was any waste because the discarded dough was reused at a
later stage in the process. Other members of the group disagreed. arguing that
the machine and operator time used to praduce items which coul [ not he sold
was an unnccessary expense. They also believed that the 1aste aiid texture of




Figure All Example of a top-down flow chart
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the crust deteniorated if the dough was reworked. making this procedure an
mappropriate solution.

Eventually. the management group decided that more information was
needed and the process flow chart shown in Figure A.Ill was constructed.
Discussion of this diagram led to no agreement on the source of any problems.
The next step in the investigation was for two members of the management
group to meet with operators of the production line and develop a cause-and-
cffect diagram. This analysis is reproduced in Figure A IV. Some members of
the group hypothesized that the proportion of defective crusts may be higher on
certain; days or at certain times of the day. No decision could be made about the
two suspicions of the group. Still more information was needed before this

Figure Al Sample of u process flow diagram
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£91

Cause-and-effect diagram

!

MATERIALS | PERSONNEL ’
’ - — Brperioncs
Shepe

TINS T OPERATORS

- z Compotition

Smoolbaess yd MORALE Individual efficisncy
-—— WATER
\ .. INSPECTORS
Composition Rals
Exparl

INGREDIENTS — - __lr \ perlencs

T

Consistency \

TRAINING ’\

]

&

Time '

RECYCLING - 57.- »
A-ou/al

TIN
<4— pOSITION

INCOMPLETE
MIXING - —— 9

U

METHODS |
o

A
MAINTENANCE -p/
i
/ EMPERATURE
A—TRIM TEMPERAT
/
MIXER ——7
/ HUMIDITY —
& PRESS

/
/‘ /

MACHINES Wj

ENVIRONMENT ]'

CRUST

Y

DEFECTIVE ‘|




164 Bevond Quality

hypothesis could be tested The group agreed that a contro. chart would be
needed to monitor the results of the production process. We return to this
example later in the appendix when that tool is discussed.

PARETO DIAGRAMS

In the situation described above there was considerable uncertainty about likely
sources of variation and some doubt that variation was excessive. The
circumstances will be more obvious in many cases, and when they are,
managers will want to know which of the acknowledged sources of vanation
are the most troublesome. Construction of a Pareto diagram will help to answer
their questions. The basis for this analysis is that a few categories or sources
of variation will typically cause ~ disproportionate numbzr of all problems.
Analysts must first decide how to categorize defects and then count the number
of events ineach category. Data n.ight be arranged according to defects by tvpe,
accidents by type, impurities by type or in some similar fashion.

One version of a Pareto diagram referring to the assembly of hornpads for
steering wheels was described in the text. That exercise revealed that nearly 74
per cent of all defects could be attributed to three different categories of flaws
(see Figure 5.4). After further study, engineers determined that two of these
categories, surface defects and excessive flash, could only occur during the
moulding process. The third involved improper assembly. missing parts and
loose nuts and was traced to the assembly process. On the basis of this
information, a new set of categories was created which identified defects
according to their poim of origin in the manufacturing process. The results of
that exercise are reproduced in Figure A.V. The pad-moulding process
accounts for the largest share of defects and should be the most fruitful place
to look for improvements.

Pareto diagrams supply valuable information but they must bhe interpreted
carzfully. The two most common dangers are:

e the failure to recognize that the number of occurrences in each category are
themselves subject to variation;

¢ the danger of drawing improper conclusions about the relationships
between causes and cffects on the basis of the dizgram.

Unexpected shifts in variance are likely if only a limited amount of
information has been collected. Forexample, datareferring to the resuits of one
week's operations could suggest adegree of variability quite difieeent from that
hased on several weeks of observation. An accurate estimate requires that data
be compiled over multiple time perinds.  Only then is the analyst able to
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Figure A.V  Pareto diagram showing defects by process step
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distinguish between problems which are severe and those which are only
transient.

The second difficulty cited here can be best illustrated by an example. The
manufacturer in this case produces an assembly designed to spray a liquid into
achamber. Leakage from the assembly was seen as the critical defect. After
inspecting several levking assemblies, the source of the problem was thought
to be a particular component that was contaminated by foreign mattcr. Workers
assumed that contamination was the source of leakage and the supplier of the
component prepared to add a costly step to decontaminate its production
process.

Fortunately, some non-leaking assemblies produced during the same perind
of time v. ere belatedly examined. These were found to have the same type and
degree of contamination as the leaking assemblies.  Since contamination
existed in both sets, there had to be other reasons for the leakages. Further
investigation showed that excessive variation in component dimensions was
the real source of the problem. This unexpected result underlines the need for
investigators to study both defective and problem-free items before reaching
any conclusion about the source of variation.
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HISTOGRAMS

As the collection of data proceeds. investigators lean more about the manufac-
turing systemand its various processes. This allows themto gainamuch greater
understanding of the operation but it also means that the volume of data to be
handled becomes extremely large. Construction of a histogram allows the user
to see the overall pattern of occurrences at a glance. The mound- or bell-shaped
histogram described in Chapter 5 is common. but other patterns will also be
encountered. Regardles: of their shape. each histogram should be explainable
in terms of the churacteristics being measured, the process of measurement
itself, or other features of the manufacturing system.

Figure A.VI offers several examples. Histogram a) describes a “comb-
shaped” pattern where the occurrence of events rises and falls from one
category to the next. An abnormal shape such as this may be due to instrument
measurement errors. rounding errors in the data or other inconsistencies.
Histogram b displays a “cliff-shaped’ pattern with a sharp drop in occurrences
at one end of the graph. This result is frequently observed by purchasers of

Figure A VI Common patterns for histograms

¢) Skewed d) ".eft-hand precipice
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materials or parts. Typically. the vendor will not ship iterns that fail to meet a
certain standard (presumably because they fall below buyers” specifications).
In this case it will be necessary for the buyer to inspect all incoming parts from
the vendor. The vendcr should also be advised to improve his product quslity.
not by inspection, but by process improvement. Histograms may also be
skewed to the right or lef of the centre as in ¢). In contrast to the normal
distribution, the frequency of observations falls off abruptly on one side of the
distribution. Such a pattern can result from the imposition of a lower or upper
limit; most items which dc not meet this standard will be excluded before the
inspection process. Histograms in these forms indicate the need for closer
investigation of the manufacturing process.

Other patterns resemble a precipice. a plateau, a bi-modal or twin-peaked
histogram and an isolated peak. Cach may have a different cause. A precipice-
like pattern can occur when all items are subjected to inspection due to high
variation. A plateau-shaped version results when several distributions having
different mean values are mixed together. Bi-modal or twin-peak histograms
can occur when two distributions with widely different mean values are
inadvertently mixed together. Finally, a histogram with an isolated peak could
indicate there 1s some abnormality in the manufacturing process, that there are
measurement errors or that data from a diffeient process has been included.

Whatever their shape, histograms are a useful way to relate a sample
distribution to pre-determined boundaries or specifications. Some examples
can be found in Figure A VIL. In panel a) the distribution of the sample falls
withinthe upper (S ) and lower (S, ) limits. This resultsuggests that the process

Figure A VIl  Histograms with specification limits
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operates well within specifications, although oneoing improvement is always
desirable. In pancl b). specifications are barely satisfied and efforts to reduce
variation are needed. Other histograms show that specifications are not being
met and some remedial action is clearly needed to reduce variation. In such
cases flow diagrams, cause-and-effect charts or control charts supply supple-
mentary information about the source of problems.

USING CONTROL CHARTS TO MONITOR VARIATION

Control charts are an effective means of extending our knowledge of manufac-
tunag process and production systems. They supply visual evidence of
excessive, or out-of-control, variation and indicate instability in the process due
to special causes. The charts may also be used to gauge the success of efforts
to remove special causes of variation or to decide when system-wide variation
demands more detailed study of individual processcs.

One of the simpiest applications of control charts is the study of product
characteristics that can not be measured on a continuous scale. These
characteristics, which are more generally known as “product attributes’, are of
interest when firms wish 1o monitor the quality or performance of their
products. Managers must first establish clear “pass-or-fail” definitions which
determine the criteria foracceptance. One example of a product attribute would
be the number of damaged cans in a sample of 1.000. Another would be the
number of shatts in a sample of 290 which fail to meet specifications. Based
on simple characterizations such as these, managers can monitor the quality of
their products,

Percentage Control Charts (p charts)

Once sufficient information on product atiributes has been compiled, it is used
to construct a control chart. Quite often, manage:: want to know the proportion
of defective items. An estimate can be obtained by constructing a percentage
control chart or p chart. This figure will show the variation in the proportion
of *failures’ over an extended period of time. If the rejection rate proves we be
relatively stable. managers arc able to predict future fevels of variation with
some confidence.

A simple application of ap chart was described in Chapter 5 (see Figure 5.8).
The purpose of that exercise was to determine whether an engine-assembly
eperation was in control or not. After defining the pass-or-fail criterion for
assembled engines (thatis, the product atiribute), engineers setup an inspection
plan. They agreed that cach week s output would represent a production fot and
that 100 engines (the subgroup) would be drawn at random from cach lot and
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inspected. This process was repeated for 21 consecutive weeks and the results
are reported in Table A.1.

The investigation eventually confirmed that no special sources of variation
existed but betore this conclusion could be reached. the average number of
defectives (also known as the centre line or p) and the upper and lower control
limits all had to be determined. Below, we show the calculations for each of
these measures.

The centre line (p) is detined as

_ _ total number of nonconforming items
total number of items inspected

Based on the data in Table A.1, 131 of the 2,100 engines inspected were found
to be defective. Therefore.

~_ 131 _ 506>
B = 5 = 0-0624

To determine acceptable levels of variation when the process is stable.
engineers must calculate the upper and lower control limits. These two values

Tuble A.1  Collecting data on product attributes: number of defective
engine assembiies per week

Percentage Percentage

Inspection Number  of defectives Inspection Number  of defectives
week rejected  (pvaluesy week rejected  (pvaluesy

I 6 0.06 12 S 0.05

2 8 0.08 13 7 0.07

3 2 0.02 14 8 0.08

4 3 0.03 IS 1 0.11

] 5 0.05 16 k) 0.03

6 10 0.10 17 5 0.05

7 4 0.04 1% 9 0.09

8 7 0.07 19 5 0.05

9 ? 0.02 2 7 0.07

10 12 0.12 21 2 0.02

N 10 010 ~ -

* The number of engines inspected in cach week was 100,
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depend on the weekly variation in defects and the average number of defects
for the entire test period. The formulas and calculations for these limits are
given in equations (1) and (2) below.

. I -p)_ 0.0624(1 —0.0624
() UCLp-p+ hfp(ﬁ,p._ 0_069_“3\/ .0624(1 - 0.0624)

) 10l - b - 3\FL - 0624 - 31[006240 - 00624)

where p is defined as above and n is the subgroup size (100 in this case).
Accordingly. the control limits arc found to be.

UCL = 0.1350 and
LCL =- 00102

The Iower control limit yields a meaningless result: there is no such thing as a
‘negative fraction’ of defectives. Thus we have an upper control limit of
0.1350 (13.5 defectives per 100) and a lower control limit which, in practice,
1s 7ero.

Confident that no special causes of variation are at work, engineers can now
turn their attention to the genuine work of continuous improvement — for
example, the search to reduce and eventually eliminate random-cause variation
occurring in the system. These matters take us beyond the scope of this book
kit we can mention a few lines for subsequent investigation. Likely sources of
common-cause variation could be: the capability of the equipment used to
manuflacture (he engines, the maintenance practices for this equipment. the
engine’s design, alterations to that design and the methods used during
production ol the engine. Among these sources there are many different
circumstance.. which could give rise 1o common-cause variation. One possi-
bility is that the metal from which the ergine block is cast varies in 1ts degree
of hardness. If the varniations are substantial, machining operations would
require differing amounts of time to complete and not all engines would receive
adequate machining. Some would be improperly machined. possibly resulting
in oil leakage or inadequate combustion characteristics. Problems such as these
might occur at any time during the manvfaciere of the engine and would
therefore be common to all outcomes.

Control Charts Based on the Count of Events (np charts)

So far, the charts and diagrams described here tell us about statistical stability,
hui very little about the way operations or steps in the manu.acturing process
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contribute todefects. To see how more information may be obtained. we return
to our earlier example of a plant producing frozen meat pies. Construction of
a process fiow chart and a cause-and-etfect diagram failed to provide sufficient
evidence to determine whether the proportion of defective crusts might be
higher on particular days or at certain times of the day.

An inspection process was begun in order (o accumulate enough data to
construct a control chart. The mechanics of data collection nawrally followed
the methods of production. First. the operator in charge of making bottom
crusts was asked to count the number of nonconforming crusts produced hourly
during the work day for a period of five days. Each machine went through four
cycles van hour. producing 24 crusts in every cvcle. Accordingly. the hourly
production of 96 crusts was treated as a subgroup. Finally. the production line
operated with one shitt per day and was run for a seven-hour period. meaning
that a total of 35 subgroups were included in the experiment.

Because the size of each subgroup was large (96 crusts per hour), manage-
ment decided that it would be simpler to plot the number of defectives rather
than their proportion in total production. This decision distinguishes the
control chart developed here from the one in our engine-assembly example.
The present version is known as an np chart because its characteristics are
expressed in terms of the number of defectives and not the proportion in the
total.

Table A.2 sammarizes the results of the five-day expenmert. From this data
the centre line (np) and the lower and upper control himits can be calculated.
T centre line. np. is Jefined to be:

a5 ~ total number of nonconforming items
p number of subgroups

Based on the data in Table A2, a total of 579 nonconfo:ming crusts were
identified in the 35 subgroups. Therefore:

np - ) 165429

Before we can calculate the upper and lower control mits for this chart, wie
valee of p (defined as np divided by n) must be determined. Accordingly

p l().(.;;)ﬂ‘) 01721

The upper and lower control limits (UCL and LLCL respectively). can then be
calculated using the following formulas:
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Table A.2  Collecting data for an np chart *

Number of Number of
Time of nonconforning Time of nonconforming
inspection  itemst inspection  items®
Monday 8:00 s 15 Thursday 8:00 2 i5
9:00 a 16 9:00 a lo
10:00 a 17 10:00 a 18
11:00 a 20 11:00 a 13
12:C0 a 12 12:00a 16
100 p 19 1:00 p 12
2:00p 13 200p 16
Tuesday 8:00 a 18 Friday 8:00a 1
9:00 a 27 9:00 a 17
10:00 a 16 10:00 a 11
11:00 a 21 11:00a 18
12:00 a 22 12:00 a 15
1:00 p 20 )0 p 4
2:00p 19 2:00p 19
Total 579
Wednesday 8:00a 9
9:00 a 14
10:0%6 a 18
11:00 a 23
12:00 a 19
1:00 p 12
2:00p 13

3 For a description of the data collection process, see the text,
P A total of 96 bottom crusts are produced cach hour and all are inspected.

UClnp - np + 3y np(i-p)
1.CI

ap - np Wnp(l-p)

i'rom the data it Table A2, the two limits are:

UCLpn  16.5429 + 3W14.54290 (1 0.1723)  27.6439
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LCLnp = 16.5429 - 3V 16.5429 (1 - 0.1723) = 54419

These values. together with the 35 observations for the average number of
defectives in each hourly subgroup. make up the np chart in Figure A.VIIL. The
completed chart gives no reason to suspect that special causes of variation are
at work. Based on the houniv samples taken throughout the week. the
proportion of defective pre crusts proves to be stable — about 17 per cent do
not conform to acceptable standards.

At first glance it appears that the firm has gone through a rather lengthy
exercise toconfirm what was already known: about 18 per centof all items were
judged to be defective. However. additional insights can be culled from the
chart rezarding arcas where improvements can be imade. For example, there is
no evidence that special causes operate during some hours or days but not in
others. Since the production process behaves consistently from hour to hour
and day to day. those elements in the cause-and-effect diagram which might
give rise to such a problem can be disregarded. Further investigation would
have to proceed along other lines and the np chart is helpful in identifying this
path. Managers know that no special causes are it work from hour to hour but
they can notbe sure that systematic problems do notarise Auring one of the four-
hourly cycles. Information on this aspect of the operation is not available
becavse the output of all four cycles were lumped together in one subgroup. To
be certain about what is happening during a particular hour of operation, the
issue of testing and sampling must be examined in more detail and the interested
reader should consult additional sources (sce. for example, Wadswo: th. et al.,
1986).

ADDITIONAL TESTS FOR PRODUCT ATTRIBUTES

Many product attributes can be expressed in terms of simple, pass-or-fai
criteria. When that is the case, the types of control charts described above (p
or np charts) are useful. There are other types of product attribites, however,
which cannot be expressed in such a straightforward way. Some examples are
the number of surface flaws on a sheet of material or the number of defective
solderings in a picce of electronic equipment. The count of events occurring
over time s another way to characterize product attribuies. Here, obvious
possibilities would be the number of production-line stops, the number of
service calls made or the number of customer complaints received.

Product attributes such as these can not be analysed in terms of the p or np
charts described above. Among other alternatives, two of the more common
are:




Figure A.VIIl Monitoring the occurrence of defects: illustration of an np chart
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¢ A “C chart” which is used to analysz the number of defects in tdentical
pruducts or the number occurring in a fixed period of time. A practical
application would be the study of defects or nonconformities found in
uniform sets of products or materials such as sheets of plasterboard.
bicycles orboxes of bolts. C charts canalso be employed to analyse service
performance. for example. the number of incorrect restaurant orders in an
eight-hour period.

e A ‘U chart’ can be emploved when the amount of matenial or the unit of
time allowed for inspection varies from one subgroup to the next.
Examples would include: the inspection of irregular lengths of woven
fabric, the number of blemishes on finished furniture or the number of
surface defects in differing lengths of brass strips.

The choice of a C or U chart hinges on the comparability of the subgroups.
If a consistent definition of the subgroup (units inspected. amount of material
or identical units of time) can be applied, a C chartis used. When the definition
varies from one subgroup to the next, a U chart is chosen. Several other
conditions must also be met if either form of control chart is to be appropriate.
They include:

¢ Counts of events must be independent of each other. In other words, the
occurrence of events in one subgroup should have no bearing on the
number noted in the successive subgroup.

* The number of possible occurrences should he large.
¢ The probability of an occurrence at any one time or place must be small.

e The expected number of occurrences must be proportional to the amount
of time or material which is included in an inspection unit.

These criteria depend on various statistical considerations which are not
discussed in this book. However, the reader may get a feel for the requirements
from the examples cited above and the discussion which follows.

Application of a C Chart

The study of flaws in materials provides an illustration which meets all of the
criteria noted above. In this case the material is aliminium sheeting used to
manufacture cars. The producer ¢.© these cans buys olls of aluminium sheet
from an outside vendor. Some sheets have very small *pin holes’, a defect




176 Bevond Quality

which results in wasted production time. product and aluminium. fn order to
learn more about these defects. the manufacturer singled out ten rolls of
identical size from one of the supplier’s shipments tor inspection. The same
exercise was repeated 20 times. In all. 20 subgroups consisting of ten rolls
were examined for defects. Each subgroup was identical in size and compo-
sition. meaning that a C chart is the apprepriate choice for studying variation.

Results of the 20 inspections are reported in Table A.3. From this we see that
460 pinholes were discovered during the test period. The average number of
defects per inspection unit is determined as follows:

_ total number of nonconformities

€ = total number of units inspected
= _ 460 _
< 20 23

Lower and upper control limits define the amount of variation expected if the
process is subject only to random or common ca' ses. The general formulas
used to calculate these two limits are, respectively:

UCle - ¢+ 345

LCLe = ¢ -3¢

Tuble A 3 Inspection results for derivation of a C chart

Number of Number of
Subgroup holes Subgroup holes

I 22 11 15
2 29 12 10
3 25 13 RK]
4 17 14 2
h] 20 15 27
6 16 16 17
7 M 17 3
8 11 I8 19
9 3 19 22
10 29 20 27
Total: 360
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Inserting the value of €. the upper control limit is:

UCL, = 23 + 3V23 = 37.39

Calculations for the lower control limit are:

LCL; = 23 - 3V23 = 86l

A completed version of the C chart is reproduced in Figure A IX. Inspection
confirms that all observations are within the control limits and that there is no
reason to suspect special causes are at work.

Without improvements by the supplier, the average of 23 holes for every ten
rolls of aluminium provides a rough estimate of future defects. Not surpris-
ingly, the manufacture. found this rate to be unacceptably high. The supplier.
however, claimed that an investigation carried out at its own plant revealed a
much smaller number of defects per roll. Subsequent discussion showed that
the supplier’s inspections were conducted before roiling, whereas those under-
taken by the manufacturer naturally took place after the aluminium had been
rolled. Holes could be formed when the supplier makes the aluminium sheets
or they may occur during the process of rolling, unrolling, packing or shipping.
It was agreed that the supplier would randomly select ten rolls per shipment,
record the number of holes and tag each inspected roll. Upon receipt., the
manufacturer would unroll the aluminium and count the holes. Based on the
results of this experiment, both partics could use flow charts and cause-and-
cffect charts to determine which steps arc the main source of defects.

Monitoring Variation with a U Chart

If the amount of material or the unit of time varies from one inspection to the
next, a U chartis the appropriate monitoring tool. Toillustrate the construction,
we employ a sci of data referring to the number of blemishes found on wooden
table tops. Managers and engineers compiled this data by inspecting 20 tabie
tops of varying sizes. The distinguishing characteristic of the U Chart, which
is reproduced in Figure A.X. is that the values of control limits will change
according to the size of the subgroup. As in our carlier example, there is po
lower control limit: a negative number of defects would obviously have no
me¢aning. Since none of the plotted points fall outside the upper limit, we can
conclude that the process is in statistical control (for further discussion, see
Ishikawa, 1990, pp. 82-3).
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Figure A.IX Monitoring defects in aluminium sheeting: an application of a C chart
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Figure AX Monitoring the occurrence of blemishes: application of a U

chart
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READING CONTROL CHARTS

Control charts are intended to provide an accurate picture of variation within
a process. If anything abnormal is observed, corrective action must be taken.
Thus far we have examined processes that were in control, or subject only to
common causes of variation. In the real world there will be many instances
when a process is out of control. The most obvious cases arise when one or
more points fall outside the control limits. However, there are other circum-
stances or patterns which indicate that a process is out of control. Several of
these are discussed below and are illustrated in Figure A.XI (see also Kume.,
1992, pp. 107-9 and Ishikawa, 1990, pp. 74-6).

First, a process is regarded as out of control when a ‘run’, or serics of
successive observations all fall on cne side of the centre line. The number of
points included is known as the ‘length of the run’ and the following runs would

indicate that a process is out of control:

¢ A run of seven or more consecutive points (known as the ‘Run of Seven’)
which falls on the same side of the average indicates abnormality. A
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Figure AXI Identifying common patterns and trends in control charts
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process can zlso be out of control when: (i) at least ten of eleven
consecutive points fall on one side of the centre line; (ii) at least 12 of 14
consecutive points are on one side of the centre line: or (iii) at lcast 16 of
20 consecutive points meet this criterion.

Patterns which exhibit a clear trend, or some form of periodicity are other
signals that a process is out of control. They include:

e Trends in observations which are depicted by a continued rise or fall in a
series of observations. Should a series of consecutive observations form
a continuous curve (either rising or falling), an abnormality in the manu-
facturing process is assumed. Often, such a trend will exceed the control
limits before reaching seven points.

e Periodicity which occurs when arepeating up-and-down cycleis observed
over similar intervals. Unlike runs and trends, there is no simple way to
cvaluate this sort of pattern. The best strategy is to track the movement of
data points over time. If such a pattern recurs on a regular basis, there is
solid evidence of periadicity.
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Further evidence that special causes of vanation exist can be found when
observations are clustered around the contro! limits or centre line. These
*hugging patterns’ often result from an inappropriate arrangement ot observa-
tions into subgroups. possibly when different types of data have been mixed
together 1n the same subgroups. It may be necessary to change the method of
subgrouping. reorganize the data and construct a new control chart.

Two types of hugging paiterns are shown in Figure AXIl. One version
occurs when observations are narrowly clustered around the centre line or
average. To determine if data is "hugging a centre line”. two additional
boundaries or limits are needed. These are represented by the dotted lines
located halfway between the centre line and the upper and lower control limits.
If most or all the observations lie within these two lines. an abnormality xists
and the process is assumed to be out of control.

A similar procedure is followed if the investigator suspects that data tends
to “hug the control limits’. In that case. interim boundaries are placed two-
thirds of the distance from the centre line to control limits. The process s
regarded as out of control if 2 out of 3 points, 3 out of 7. or 4 of 10 points lie
outside these boundarics (even though the poinis may still be within the
control limits}.

Figure AXII Clustering patterns in control chart data
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In conclusion. statistical analysis and charting is particularly importantin the
carly stages of continuous improvement, though like all other parts of the
programme. they must be tailored to suit the needs of each firm. While workers
and technicians are respensible for collecting data and using control charts and
other tools used in statistical investigations 1t is critical that managers support
—-and understand — such efforts. To be effective, the manager will necd some
understanding of the purposes and objectives which lie behind the statistician’s
calculations. We have considered but a few of the methods which would be
emploved in a programme of SPC. Many importait elements have been
ignored in the interest of simplicity. Hopefully, the discussion is sutficient io
give the reader an impression of how these tools fit into a larger programme of
continuous improvement. For a more comprehensive but still elementary
treatment of SPC, the reader should consult other sources such as Kume, 1985
and Ishikawa, 1990.
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