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Introduction

This paper ensues [rom a literaturebased research project examining the
theory ol constrainis (TOC) methodnlogy and reports of its perflormance. In late
1996, we staried compiling a database of published works on TOC, We were
surprised 1o find no published attempls o summarize or integrate the
literature: that is, no major lilerature reviews had been published (this
remained true until late 19498). This observation led us to underiake several
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further projects, including the collection of the diverse elements of the TOC Successful TOC

methodology, developed over its 20-vear history and scattered throughout the
literature, into one integrated review ol TOC (Balderstone, 1999) and the
publication of an annotated bibliography (Mabin and Balderstone, 2000). In 1998,
areview of TOC was published by Rahman (1998) with over 60 relerences. This
provides a good overview of the literature and the methodology at that time, but
concludes that “although several papers have referred 1o the application of TOC
in actual business settings, very [ew cases so [ar have been reported” (Noreen
el al, 1995, p. 353). Thus while Rahman's paper provided a much-needed review
of the methadology, a review ol applications was still absent. Our own search
over a four-year period produced over 100 items, a significant proportion of
which comprised reports of applications ol TOC, although we still lound no
overview or summary of the general effects ol applying TOC.

The purpose ol this article is therelore to provide an overview of the effects
of TOC on organisational performance, based on a meta-analysis of these
reported applications, using a case survey method (Larsson, 1993). From the
reported applications, we collected data on changes in operational per[ormance
measures (inventory, lead time, cycle time and due date performance (DDP))
and financial performance measures as a result ol applying TOC, and the
reported performance of TOC was then analysed using exploratory data
analysis methods.

In this paper, we [irst provide a short overview of TOC, followed by a brief
review of the TOC literature in terms of what has been published, where and
when. The major portion of this article is then devoted to a description of our
meta-analysis of the reported performance of TOC. We close with a discussion
of the issues raised by the research and, in particular, a suggested agenda lor
future research on TOC applications.

TOC

TOC is a multi-faceted systems methodology that has been progressively
developed 1o assist people and organisations to think about problems, develop
breakthrough solutions and implement those solutions successfully. Developed
primarily by Dr Elivahu M. Goldratt, it has been popularised through novels
such as The Goal (Goldratt and Cox, 1992), It’s Nol Luck (Goldratt, 1991),
Crilical Chain (Goldratt, 1997) and Necessary Bul Nol Sufficien! (Goldratt ef al,
2000). Descriptions of the TOC methodology and its components can be [ound
in a number ol books (see [or example Goldratt, 1990a, b; Noreen o/ al, 1995;
Dettmer, 1997, 1998; Cox and Spencer, 1998; Scheinkopl, 1999), or book
chapters (Chase and Aquilano, 1995; Finch and Luebbe, 1995). OQutlines and
histories of the approach are provided elsewhere (Goldratt, 1996; Cox and
Spencer, 1998, pp. 12-21; Corbett, 1998). The [ollowing overview is an attempt
to represent the various aspects of TOC, including recent developments, in a
coherent [ramework.

applications
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I[JOFM Although conceived in the 1970s in a manulacturing context as a scheduling
236 algorithm, TOC has now heen develped inio a powerlul and versatile

management theory, as a suite ol theoretical [rames, methodolgies, techniques

and took. Tt i3 now a systemic problem-siructuring and problem-solving

met hodology which can be used 1o develop solutinns with both intuitive power
570 and mm.]y l.im.] rigour inany Ellvil."ﬂl:ll‘ﬂ.EI‘ll.. The clmlnga ol name [rom ﬂp!.imiaed
Production Timetable (1979) to Optimised Production Technolgy (OFT) in 1982
and thenio TOC at the beginning ol 1987 signalled a major change in emphasis,
(irst, [rom rule-based scheduling logic to the applications soltware tonl OFT and
later to a [ocusing/iterative process of ongoing improvement. The addition ol the
thinking processes (TPs) in the 1990z broadened the scope 1o an organisation-
wide perspective and the changes in people’s thinking and behaviours required
in any change process. While many ol the early principles [oreshadowed
systemic and behavioural issues, the later [rameworks have made these issues
more apparent and more amenable 1o managerial analysis and action. TOC is
increasingly being applied (o situations outside the manulacturing context,
including distribution, marketing, project management, accounting  in [actany
situation involving change (o a system.

The TOC approach epitomizes systems thinking: a philosophy  that
recognizes that the whole is much more than the sum ol its paris, and that a
complex web ol interrelationships exist within the system. As Goldratt ¢/ al
(2000} streszed recently in a kevnole speech, “We must never lose sight of the
global picture”. While evervone iz aware ol thiz obvious truth, il iz also
apparent thalt many ol our dav-io-day business practices lead us directly away
[rom this objective. A distinctive [eature ol Goldrait's systems perspective is
the recognition that there are always limitations 1o the performance ol the
system ol interest, and that despite the tangled web of relationships, these
limitations are caused by a very small number ol elemenis in the sysiem,
usually just one, which he terms the “constraint”. The constraint may he a
physical constraint  such as a machine with limited capacity, raw material,
but more olten it is either a policy or behavioural constraint. Policy constraints
olten arize when the environment that a company exists within changes while
the policies ol the company remain unchanged. Most signilicantly, policy
constraints are usually within the control of the management ol the
organization. Behavioural consirainis occur when perflormance measures or
policies lead 1o behaviours that, even alter policies or measures are changed,
are ingrained and constrain a sysiem's performance: “Old habits die hard”.
TOC contains a range ol tools and techniques [or addressing physical, policy
and behavioural constraints.

The TOC body ol knowledge can be organised into the [ollowing components:

(1) Perlormance measurement: sound Anancial and operational perlormance
measures Lo measure the performance of the syvstem relative o 113 goal,
however that has been delined.




(2) Perlormance improvement using one of the [ollowing:

«  Constraint managemeni using the [ive [ocusing steps in the process of
ongning improvement, including the notions ol buller management.

+  Problem solving/TPs: tools [or problem solving.

The perlormance measures and the two improvement processes, which are
described [urther below, have been used 1o develop several specilic applications:

- Perlormance measuremeni-bazed guidelines (including product mix
decision rule, inventory and throughput measures and the TTE rule).

« Focusing steps/buller management-based solutions [or production,
distribution and project management.

« TP-based solutions [or marketing, sales and sirategy.
« TP-hazed tools [or dayv-in-day management issues.

Ferformance measwremenl. A key tno maintaining a global perspective iz 1o
avoid the use ol local measures which encourage local thinking at the expense
ol global ohjectives and measures. Most of our traditional meazures are local
hased: local el liciencies; unit costs (e.g. [or batch size decisions); and standard
maiz. These have been demonsztrated 1o be olten in conllict with global
meazures and 1o lead 1o erronenus decizions (Goldratt, 1990a; Corbett, 1998;
Smith, 2000). In a [or-profit organisation, TOC s perlormance measures centre
on achieving excellent resulis on the three inancial measurements, rolit, relurn
on investment (ROT) and cash Oow, together with a sel of three operational
measures that provide a simple and ellective way ol relating local actions 1o the
overall organisation's (inancial health. The operational measures are:

+ throughput (T) delined as sales revenue less totally variable costs;

= inventory (/) delined as tolal money invested in the business which is 1o
be or could be sold: and

- operating expense (O} delined as all non-variable costs assodated with
iurning inveniory into throughput.

Net profit (NP) is then calculated as throughput less operating expenses (T — T),
and ROT iz net profit divided by inventory (NP/T). Cash [low incorporates the
timing ol income and expenditure. In noi-lor-profit organizations, carelul
thought iz needed to deline the appropriate delinitions [or the above three
operational performance measures, bul then the same principles apply. In
either situation, perlormance will be improved il T increases, I reduces and/or
(O reduces, timing issues aside. Two other measures, throughput dollar days
and inventory dollar davs, measure backorders and inventory respectively asa
product of both their monetary value and length ol time backordered or held.
Although mentinned in earlier books, these gain prominence in Goldratt's
[ourth novel (Goldratt ef al, 2000, Ch. 17).

Successtul TOC
applications




I[JOPM These measures address the need 1o “make operations decizsions and design

236 measures to drive actions that are aligned with the strategic objectives ol the
company and maximise return on investment” correcting lor the [ailings of st
accounting (Smith, 2000, p. 249). Although there are similarities with other
methods such as variable costing, there are major dillerences with other

5792 acmu_m.ing conventions, which have been well mvered in the literature,
ezpecially recently (eg. Corbeti, 1998; Schragenheim, 1999:; Piak and
Schragenheim, 2000; Smith, 2000: Baldersione and Keel, 1999). Other
aliernatives 1o st accounting have been suggested, such as activity-based
costing and balanced seorecard, but they diller in that TOC seeks 1o make
decizions hased on their ellect al a global level, rather than local level TOC
makes it easier 1o make sensible decisions in areas such as product emphasis
(product mix), product pricing, capital investment and process improvement
expenditures, and product addition/deletion decizions that are in alignment
with eorporate goals (Smith, 2000, p. xvi; 26; 115 [1).

Conslrain! managemenl, the five focusing sleps and buffer management.
Mozt of the early development of TOC pertained to manulacturing and it was
in this context that the operations managemeni principles, strategies and tonls
were developed. This is the part of TOC that was used in most of the
applications studied in our caze survey. Although there are various
components within this branch, the [ve [bcussing sieps embraced in a
process ol ongoing improvement provide the underpinning rationale: a fve-
step method to identilyv and exploil successively the constraint, subordinate
other actions in line with the constraint, elevate the constraint and repeat the
process. The drum-buller-rope method, used 1o schedule operations, allows one
in sel the pace of the process (drum); provide an allowance [or “Murphy”
(buller); and control material release (rope). Buller management was [ound (o
he key 1o ellective production scheduling, and the concept of buller iz central
alzo o distribution and project management, [or which specilic zolutions have
heen developed using TOC. Further inlormation on this can be lound in
Goldratt and Fox (1986); Goldratt and Cox (1992); Stein (1996); Cox and Spencer
(1998); Goldrati (1997); and Goldratt ef al (2000).

The problem solving/TFs. The TPs are a codilied suite of ive lngic-hased
inols which allow managers io analyse problematic situations and o identily,
enhance and implement win-win solutions appropriate to the situation. Users
identily sulliciency (causeand-ellect) relationships and necessity relationships,
and usethese o construct diagrammatic represeniations of the situationand ils
solution. Both types of relationship use box and arrow diagrams but have their
own 2213 ol rules to audit the lngic. These thinking and representational tonls
can be used in any context: manulacturing, services, personal, or prolessional.
They help any manager address the questions ol managing change: “What to
change?”, “What to change 0" and “Tlow 1o cause the change 1o happen?”.
Descriptions of the tonlzs and examples ol their use are provided in books such




as Goldratt (1994); Detimer (1998); Scheinkopl (1999): Schragenheim (1999); Cox - Successful TOC
and Spencer (1998); and Kendall (1998). applications

The TOC lleralure

An extenzive search ol the lilerature using hoth hard-copy and Web-bazed

resources, uncovered over 100 books, journal articles, conlerence papers and 573
Web articles on TOC in the 1990=. A list of summaries ol these items, ingether
with an overview ol the published literature, trends and issues, is already
available (Mabin and Balderstone, 2000). This paper builds on that material and
provides [urther analvsis and discussion of the case material summarized in
the book.

The literature search indicates a considerable growth in publications in
recent vears. In particular, since the beginning of 1998, we have seen a dramatic
increase in the number of books published on TOC, with more than 20 new
books including Corbett (1998); Cox and Spencer (1998); Kendall (1998);
Newbold (1998); Scheinkopl (1999); schragenheim (1994); Leach (2000); Plak
and schragenheim (2000); Smith (2000); Lepore and Cohen (1999); Mahin and
Balderstone (2000, Goldratt ef al (2000). This takes the total number of books
on TOC 1o nearly 50 since the Orst releaze ol The Goal (Goldratt and Cox, 1981),
indicating growing recognition of the area.

Publications have appeared in over 100 journals, and display a pattern
conzisient with the Pareio principle. About 60 journals leatured a single article
on TOC, accounting [or aboul onesixth of the arlicles. These “solo”™ articles
appear 1o have a signilicant element of outreach, aiming to introduce TOC 1o
reacders in disparate areas. At the other extreme, a signilicant number of
articles have been concentrated in a [ew journals, mosily inflluential industry
journals. For instance, APICS publications have carried more than 90 papers
about TOC, and Iudustry Week has published over 15 articles. Prominent
academic journals, such as the Harvard Dusiness Review, have contributed to
the body of literature on TOC 1o a lesser  bul growing  exient, perhaps
paralleling TOC's inclusion in hundreds ol university courses. Discussion has
predominantly [ocused in areassuch as manulacturing, and opportunities exist
in transler and apply the princples of TOC o other areas.

The TOC literature spans theory and practice as well as addressing a
diverse range ol issues relating 1o accounting, scheduling, performance
measurement, product mix, quality, and project management and application
areas. Application areas include manulacturing, re-manulacturing, non-
manulacturing/zervices, [8/soltware, military and education. The military, in
the T75A and lsrael, were early adopters of the logistics and scheduling
techniques of TOC, and now use the techniques extensively. The 175 Air Force
has used the TPs in itz logistics and medical environmeni. According 1o Cox
and Spencer (1998), it has contributed substantially 1o developments of TOC in
these areas, and in the use of the TPs in not-lorprofit and medical




I[JOFM environments more generally (Roadman ef «f, 1995). In addition 1o
236 contributions related o teaching TOC, there have been nolable achievemenis
in the application and development of TOC methods [or use in education (lor
example, Suerken, 1995).
Reporled applicalions. In the lierature reviewecd, there were over 100
574 descriptions of applications of TOC, the majority of which were based in the
2 manulacturing sector, and moest ol these [ocused on the manulacturing operations
ol each organisation. [Towever, there were several instances ol application 1o non-
manulacturing, administrative or service [unctions (Mabin and DBalderstone,
2000). Within the manulacturing sector, there are signilicant clusters of
applications in the asrnspace, apparel, automotive, electronics, [urniture, semi-
conductor, steel and heavy engineering industries. The great majorily of
applications reporied in the literature were conducted in North America. A
number of Buropean applications were reported, with only a lew cases emerging
[rom the UK and Australazia. The range ol organizations reported on includes
some ol the world's largest and most successul organisations: Boeing, General
Muotors, Ford Motor Company, Lucent Technologies, 1o name jusi a [ew. At the
other extreme, there are reports of applving TOC in very small organizations
(Adelman, 1995; Demmy and Demmy, T994).

The case survey methodology

In order 1o draw general conclusions about the results of applying TOC, we
uzed the case survey methodology (Larsson, 1993), which draws on published
case studies relevani 1o the Geld of study. In some instances the lilerature
contained only case vignettes, rather than complete case studies. These
vignettes were considered 1o be still ol use providing they oontained
information about the results of a TOC application. Belore describing the
analvsizs, we will brielly review the strengths and weaknesses ol the casze
survey methodology.

The strenglhs of the case swrvey melhodology

Lucas (1971) claims the benelits ol the methodology are that “the casze survey is
an inexpensive and potentially powerlul method of identilving and statistically
lesling patterns across studies”. Larsson (19993, pp. 1517-18) ouilines the
strengths of the case survey method, summarised as [ollows:

= Casze survevs lap prior research elloris reported ina vast number ol cases
that contain managerially relevant data.

+ The case survey method overcomes major drawbacks ol single case
studies, namely their inability 10 examine cross-sectional patierns and (o
generalise to large populations.

= The methnd capitalizes on the idingraphic richness of case studies that
derives [rom their ability to study more complex phenomena than more
superlicial nomaothetic surveyvs can study (Tsoukas, 1984).



« Casze survevs can be replicated since both their coding schemes and case
study reports are available 1o other researchers.

«  The caze survey method avoids premature exclusion ol studies based on a
priori judgements about their research designs, publication status and
age all of which olten plague research reviews.

« The inclusion of caze studies [rom dil lerent time perinds also enables the
analvsis ol patterns ol complex phenomena over time; [or instance,
possible ellects ol organisational learning might be detected.

= rom a broader perspective, the case survey method provides a valuahle
bridge between quantitative and qualitative methods and positivistic and
humanistic paradigms and approaches (Lee, 19491).

Larsson (19493) indicates that technological advancement has [acilitated case
survevs [unier ef al (1982) acknowledge the impact ol technology on meta-
analysis, saving that the recent proliferation of elecironic on-line databaszes
enables a researcher o identily and obtain a large number ol studies relatively
quickly and easily. The points which TTunter ¢/ 2/ (1982, pp. 38-39) make about
statistically based meta-analysis also apply to the case survey method:
“Valuable inlormation is needlessly scattered in individual studies ... A voung
hehavioural or social scientist today with the needed training and skills can
make major original discoveries and contributions without ever conducting a
single primary research study  simply by mining the rich untapped veins of
information in accumulated research literatures™. Such ability 1o tap into the
publizshed research allows organisations (o turn the data contained therein inio
uselul information.

Limilalions of the case swwey melhodology
Az with any method, there are some limitations, which Larsson (1993, p. 1519)
identifies as [ollows:

+ The number and represeniativeness of available, relevant case studies
may be insulficient to allow theoretical and statistical generalization ol
resulis.

= Caze study reporis olten restrict the inlormation available [or case
surveys by leaving oul much ol the collecied data because of space or
other limitations

« Thequality ol the case survey can be no better than the quality of thecase
studies and their data.

- Coding procedures can sirip complexity and unduly simplilv the complex
phenomena under investigation.

The caze survey methodology iz also prone 1o annther limitation, a positive
reporting bias  the tendency 1o report “successes” rather than “lailures”, and
in provide retrospective justification [or the application of a management

Successful TOC
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methodology (also termed the conlirmation bias (Baserman, 1998)). Case
studies ol troubled organizations are occasionally published, providing
valuable insight, as exceptions 1o this general tendency. Recent research into
the ellectiveness of business process re-engineering (BPR) and total quality
management (TQM) by Giroux and Landry (1998) and Lu and Yeh (1998)
respectively, claim the lilerature relating 1o these topics has uncovered many
reported “lailures”. [Towever, despite this, we must remain alert 1o the lilemiure
heing possibly hiased towards reports of successes,

(On balance, the case survey methodology was considered (o be appropriate
[or the proposed meta-analysis, that is, totap into data that already existed on
TOC applications, and which had remained significantly under-utilised.

The meta-analysis

The literature contains many relerences 1o speciacular resuliz achieved by
organisations applving TOC principles, procedures and tools, and we
uncovered many case studies reporiing impressive resuliz. Ilowever we
could [ind no sources providing aggregate or omnibus [indings on applying
TOC, except [or Noreen el al (1995), who studied 20 organizations that had
applied TOC  but even this lacked an analviical summary ol the resulis
achieved. Additionally, while books on TOC tended 1o draw on many case
studies 1o illustrate points, the cazes themselves were olien reporied in
piecemeal [ashion. Conzequently, this research sel out 1o provide a summative
quantified meta-analysis of the impacts of applving TOC as reported in the
literature. We concentrated on the material published in the 1990z in order 1o
evaluate the expanded TOC methodnlogy as it was then, rather than the earlier
OPT technique.

The case studies and vigneties reporied in the publicly-available literature
were oollated and analvsed. Data on changes in the [ollowing measures were
extracted and tabulated: lead time, cycle time, DDP, invenlory, revenue,
throughput, and proftability. Any data were converted wherever possible 1o
comparative terms, e percentage improvemenis, so thatl resulis could be
collated. Some cases reported such improvements directly, such as “Due-Date
Perlormance improved by 80 per cent.” (hhers might state that DDP improved
[rom 50 per cent to 90 per cent, which could be converted to an 80 per cent
improvement; but others stated simply that it improved, or that it improved 1o
90 per cent, which inlormation was insullicient [or the statiztical analvsis part
ol the study. This reduced the number ol cases providing data suitable [or the
statistical analysis downto 81, A representative sample of this datais shown in
Table T (the [ull zet iz given in Mabin and Balderstone (2000)).

The uzelulness of the results ol the meta-analysis will be dependent on the
quality and quantity of available case reports. Belore discussing the Ondings,
there are a [ew observations (o make about the data as a whole. As expected
there was a szignilicani posilive reporting bhias: indeed, despite extensive
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Table Il.
Anthorship of Lhe
pubhshed cise mporls

searching, no [ailures were [ound 1o be reporied in the literature (an early
reporied [ailure relerred 1o the use of the OPT soliware, not 1o TOC as such).

In order 1o provide an indicator of the quality of case reports, we have
analysed the nature ol the authorship as wellas the publications ol the various
case reports First, with respect to authorship, we have categorized the authors
ol the articles into [our categories: academic, consullant/TOC expert, company
represeniative, and reporier. The number ol authors in each of these categories
is shown in Table II.

The academic classification includes both [ull- and pari-time academics, but
does not include [ormer academics who had changed alliliation at the time ol
writing the papers. We [ound that over 10 per cent (55/1:30) ol authors were
academics. Theseauthors can be expected 1o provide a critical and independent
review ol the process and resulis. O particular note in this category is the
extenzive and thorough paper by Andrews and Becker (1992) of the Graduate
School of Business, University ol Chicago, reporting on the Alkeo Lighting
Company and “its journey to Goldratt’s Goal”. This containg a wealth of
inlormation in terms of both specific detailzs of the caze, and sound advice [or
others.

Company represeniatives are those reporting on their own company's
implementation ol TOC. We observed that about three-quarters (22/29) ol these
authors listed tertiary academic and/or prolessional qualilications. A totalol 16
held academic qualifications including PhDs and MBAs, as well as Bachelor
and other Masters degrees. In addition, many held prolessional qualifications
such as CFPIM and CPIM, CPA and Jonah, The remainder held positions of
high responsibility in their organization and while qualifications may well have
heen held, they were not provided [or the particular publications (some do not
publish author bingraphies or state qualilications).

Company representiatives displayed a desire o share their experiences, and
given that they have experienced the situation (rst hand, are able 1o provide
very genuine reporis. There may be some element of hyvperbole  evangelical
[ervour even  hut the need 1o maintain credibility within the company and
industry will in the main temper any desire {0 oversiate resulis.

The remaining articles were divided equally between consultant/TOC
experts, and reporters both at 18 per cent (2:3/130 each). The [ormer have their
own “barrow to push” and are likely to be the most biased but knowledgeable
about the methodology, while reporters provide an independent but not
necessarily knowledgeable perspective.

Comsullant/ Connprany
Aunthor Avadenic T expert TeEpresen i ve Reparler Tustal
Number 55 23 P 23 130
Fercemlags 44 14 s 14 100




Turning now 1o the status of the publications in which the caze reports were
published, we characterized the publications into eight categories as shown in
Table TIT.

A variety of publication types were used 1o report on the cases, as would be
expecied [or writeups intended to inlorm a variety ol interested parties,
including academicaudiences and industry groups. Two cases were reporied in
more than one publication. Nearly hall the reports were published in either
refereed academic journals or conlerence proceedings (213 per cent each). Next
highest categories were reports in books and Web pages, at 15 per ent each.
magazines [or indusiry and sectors were used oo, at 1.3 per cent and 8 per cent
respectivelv. At least three ol the papers were [or work that had won prizes

Another characteristic of the data  indeed ol the case survey method iz
that authors used a variely ol delinitions and measurements. This is not
surprizsing given the dillerent emphasis of the articles in dillerent publications,
the dillering backgrounds ol authors, and the newness of the [eld. Such
dillerences occurred especially [or measuremenis concerning throughput and
inveniory [or which TOC has its own delinitions. In addition, inventory
somelimes meani WIP inventory, and at other times total inventory. In many
cazes, delinitions were not clearly provided. As a consequence, the general
thrust ol the resulis will be more meaning [ul and relevant than their numerical
values.

Alter tabulating the data, we were initially concerned atl the many missing
data elemeniz. On rellection, however, we realised that there were several valid
reasons [or the missing data, and while undesirable, i1 was not necessarily an
indicator ol negative resulis being deliberately unreporied. The most obvious
reazon is that until resulis are collated in a table, such omissions are olten not
even realised: such “missing” data, which can be highlighted in tabular [orm,
are easily overlooked when cases are presenied in the usual narrative [orm.
Thus a spinoll [rom this research could be a recommended list of perlormance
measures 10 be used when reporting [uture applications. Iowever, the issue of
a minimum el ol perlormance measures is iisell a matter [or debate, as TOC
measures would arguably be more ellective [or decision making, though they
are not as widely recognized. At this stage, we would recommend a
combination ol the measures used in this paper, which includes the TOC
meazures (7, T and OF), together with normal operational measures and
accounting/linancial reporting measures.

Intermal
Relereed  Comlersnoe Indusiry Seclor news Web News
Fubheatiom  parmal - procesdimgs Book (broad)  magoanes lelesr page paper Tolal

Number 19 19 13 1 7 1 1 84
Percenlage oy ) 15 13 8 1 15 1 100
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Table IL1.
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Another reason [or “missing” data i3 that some ol the perlormance measures
can be regarded as substitutes [or each other: [or example lead times, cycle
times and DDFP all reler 1o the organization’s ability 1o respond speedily 1o
customer needs, and many case studies reporied only one ol the three. Financial
perlormance was olien not reported, and even less olten quantified, probably
[or commercial sensitivily reasons. Furthermore, it i3 olten dillicull and
time-consuming 1o measure the ellects of changes, and this may not be a high
priority lor action-oriented managers. To calculate percentage changes (which
we required) requires both belore and alter ligures, and people may not bother
in 1ake such measurements, or they may be too hard 1o oollect, particularly il
they have changed the way they measure or value inventory, [or example, and
are now using the TOC delinitions rather than traditional accounting
delinitions.

Owerall, when taken in coniext of the articles themselves, it iz apparent that
the authors considered the application of TOC 1o be a success. We note also
that some journals, such as the Froduclion and Invenlory Managemen! Jowrnal,
require conlirmation [rom an independent and senior company olficial of the
results claimed.

For all these reasons, not oo much of a negative nature can be read inio the
gapsin the data. They are a limitation, but not overly problematic. On balance,
we believe that the 81 casze studies provided data of sullicient quality, at least
[or the purposes of obtaining summary statistics ol the perlormance measure
changes reported by these organizations. Owing to the limitations of the data,
however, it would be unwize Lo attempt too complex an analysis, as that may
lead 1o spurinus claims or overconlidence in the resulis. For this reason, the
core ol the analysis relied on exploratory data analvsis (used 1o plot and
understand the data and derive summary statistics), and simple statistical tesis
ol signilicance.

Summary of reporied results
Over hall of the organisations that provided usable inflormation on the impacis
ol applyving TOC, mentioned improvements in revenue, throughput or profits.
Over 80 per cent mentioned improvemenis in lead times, cycle times, DDP
and/or inventory, and ol these, over A0 per cent also mentioned improvements
in [inancial performance (revenue, throughput and/or profits). This may well be
an underestimate of the actual perlormance. For the reazons given earlier, there
are likely 1o be many cazes where improvemenis went unreporied. The
[ollowing analysiz is limited 1o those reports which provided sulficient data 1o
allow us 1o caleulate percentage changes, which we will reler 1o as “quantified
perlormance changes”.

Summary statistics [or all quantified performance changes are provided in
Table IV. (The reader is relerred 1o Balderstone (19949) [or a [ull description of
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the exploratory data analysis perlormed, including graphical presentations ol
the daia.)

Operalional performance measwres
First we detail the three indicators ol speed/[lexibility, namely lead time, cyvcle
time and DDP:

(1) Lead lime. Just under hall (34/81) of the caze studies provided sulicient

(2)

data to calculate quantified lead time changes, and all of these were
reductions, while a [urther six indicated unspecified reductions. The
median reduction in lead time ol 75 per cent (mean 70 per cent) [or the
sample of 3 indicates the substantial improvements achieved. Over 85
per cent ol the organizations reported reductions in lead time of over 50
per cent. Given that almost hall (10 out of 81) the organisatinons reported
an improvement in lead time, and the magnitude of lour in Ove of those
improvemenis, the issueol missing data would appear 1o have negligible
impact on our [indings. To produce a nil ellect overall, e [or TOC (o
have no positive ellect, the size ol detrimental resulis would have 1o be
extremely large. Thus we can salely say that TOC had a positive ellect
on lead times.

Cvele lime. One in six organizations (14/81) reported changes in cvcle
time, with an average ol two-thirds reduction. The highest was a 97 per
cent reduction. The lowest reported a reduction by one-quarter, and the
interquartile range was 30 per cent indicating only a small degree of
spread. Applying TOC thus vielded a positive reduction in cycle time [or
the organisations reporting changes in this variable, but the small
sample size reduces the conlidence with which we can generalise this
result.
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(3 DDE A tolal ol 30 organizations reported improvements in DDP, but
less than hall of these (13/30) provided sullicient numerical data. These
1.3 showed a median increaseol 50 per cent, with a mean improvement of
A1 per cent, and an interquartile range ol 60 per cent, indicative ol a wide
spread in the reported resulis. This spread is likely due not only 1o the
small sample size, but also to the nature ol the data: because DDP is
unbounded, unlike lead times and cycle times which cannot decrease by
more than 100 per cent. Indeed the maximum improvement [or DDP was
166 per cent, and occurred at MK Eleciric, with a conenmitant decrease
in lead time of 80 per cent. From these [indings we can conclude that
many organisations applving TOC techniques and reporting results,
have experienced improvements  somelimes very large  in DDP.

Tnventory level Chver hall the cases (12/81) reporied that their inventory had
reduced, and 3 organisations provided actual data. Illowever, two substantial
resulis could not be expressed in relative terms, and so were excluded [rom the
analysis. Proctor and Gamble reduced their inventory by TUS5600 million, and
Ford MotorCo Electronics Division reduced theirs by US5100 million (Gardiner
el al, 1994). The median reduction [or the remaining 32 organisations was 50
per cent (mean 19 per cent), with three-quariers of the organisations
experiencing improvements ol over 40 per cent. The reported results showed
relatively litile spread, as indicated by the narrow inlerquartile range, and close
mean and median values. We noted that a large number reporied either 10 per
cent or b per cent improvements, probably due 1o rounding. One organization
that implemenied TOCs drum-buller-rope method (Alkeo Lighting, see
Andrews and Decker (1992)) reported a 1 per cent increase in inveniory as a
result ol creating a pre-constraint buller, but this enabled them o decrease
their lead time by 88 per cent. Overall we can conclude that the application of
TOC techniques did vield reduced inventory levels, with an average
improvement ol around 50 per cent reduction [or the organizations providing
comparative data.

Financial pevformance measwres
Over hall the caze studies reported improvemenis in [inancial performance
[Towever, usable quantitative data [or nancal perlformance were provided in
only 31 cases, and then was expressed variously as sales, revenues, prolit,
profitability and/or throughput. Additionally, the TOC delinition of the term
throughput is dillerent [rom most cost accounting definitions in use, and it is
not always clear which delinition has been used. The [ollowing section makes
no assumplions about the delinitions used, and incorporates “sales” [gures
uncer revenue.

Fevenwe. The organisations that applied TOC and reporied changes in
Revenue (or sales), indicated that they achieved moderate o large increases.
Again, there are no theoretical limits 1o the level ol improvemenis possible.



Some 30 organisations reporied changes, all of which were increases, but only  Successful TOC
A provided usable data. These 20 organizations gave a median ol 39 per cent applications
mean improvement, and a mean ol 83 per cent, due 10 one out lier that increased
revenue by 600 per cent. Over one-quarter ol the organizations experienced
revenue increases ol over two-thirds. A group ol six organisations (several
[rom the semi-conductorfelecironics indusiry) experienced improvemenis ol 583
less than 30 per cent. We can conclude that organizations applving TOC -
techniques and then reporting changes 1o revenue did experience signilficant
improvemenis; however the range of increases is very large.
Throughpul. Throughput was reporied [or [our organizations only.
Reported increazes ranged [rom 28 1o 100 per cent, with both a mean and
median increase ol 65 per cent.
FProfilabilily. For profilability, a very small sample ol case studies provided
quantitative data. Just under one-quarter (19/81) ol the organizations reporied
increases in profitability. Tlowever only seven ol the 19 organizations reported
quantified results. This low level ol quantitative reporting [or profitability (in
comparison io the operational perflormance measures) is possibly due 1o the
need [or sensitivity in competitive commercial environments. Increases in
profitability, as with other measures, are unbounded, and were indeed ohserved
o cover a great range [rom 37 up 1o 300 per cent with a mean ol 116 per cent
and median of 100 per cent. Overall, 19 organizations applving TOC did report
improvemenis (o profitability, but the numerical results are based on a sample
ol zeven, so are indicative only.
Operaling expense (OF). Very [ew cases reported changes in O the third of
the TOC perlormance measures. TOC emphasizes ellorts o increase
throughput rather than reduce inventory or O, [or the reason that
inventory and operating expenze both have a [inite botiom limit bevond
which [urther reductions quickly start to hurt the organisation’s perlormance.
(n the other hand, throughpul improvementis have no theoretical limils, and
actual limits that do exist appear 10 be due to company rules and policies
(Covingtlon, 1996, p. 12).
In the abzence ol quantitative data on OF, it can be argued that any
reductions in O gained in addition to the reported results would sirengthen
the [indings. What would be of concern is il companies increased their O
without an accompanying increase in throughput or reduction in inveniory.
We therelore sought outl evidence [rom other snurces:

= Noreen ¢l al (1995, p. T4} investigated 20 actual applications of TOC and
reporied that “Managers at almost all of the siles we visiled claimed that
they had been able 1o reduce or keep operating expenses consiant despite
increased volumes and variety.” This would suggest that an adverse
change in O in the present sample i3 rather unlikely, and the ellect on
(O can be expecied 1o be small. Noreen ¢/ al (quoted in Corbeti, 1998,
p. 113) 2o on o say “This [act is surprising given the assertions macde in
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the ADBC literature concerning the ellects ol volume and variety on
overhead cosiz”

« The TOC Center (2000) reports that: “0Our experience indicates that
organisations can typically gain 25-100 per cent ol additional ouiput
withoutl any notable increaze in operating expendiiure or invesiment.”

Comparison will olher veporls of resulls

Since our analysis of the 81 cases, we have [ound some Web sites which
provide summary statements on the resuliz of the application of TOC by TOC
experis/oonsullants, [or example, see Chesapeake Consulting (2000} and
Innovation Architects (2002). The results of TOC application reported on these
siles are generally consistent in their magnitude and direction with the resulis
ol our secondary research. In relation 1o some metrics, the results ol our
research are actually conservative in comparison with the reported resulis of
the TOC experis/consuliants.

Relalionships eviden! from reporled vesulls

The relalionship belween lead lime veduclion and invenlory reduclion. Tt has
heen claimed (Goldratt and Fox, 1986) that lead time will generally reduce at a
similar rate as inventory, as a resuli of applving TOC. This ellect has heen
shown to apply experimentally[1] (see [or example Cook, 1991; Chakravorty
and Atwater, 1996; Lambrecht and Segaert, 1990), and occurs because as
inventory iz removed [rom the system, there iz less material clogging the
pipeline, and work can (ow through [aster. (Inventory does have a place,
though il strategically located 1o guard against [Tuctuations which might
otherwise jeopardize throughput) While recognising that these ellects are
meant to apply 1o a particular system, we analysed the inventory and lead time
data 1o see whether we could detect any connection between the reductions in
lead times and inventory over this sample.

Almost hall (37/81) the organizations reported improvemenis in, on the one
hand, lead times, cycle times and/or DDP, and on the other, inveniory
reductions. Quantitative data on both lead times and inventory were provided
in 15 cases. The plot of these cazes is shown in Figure 1. Both a regression
analvsis and a Spearman’s Rank Correlation were performed[2] This suggesis
a good correlatinon may exist. The regression gave R 2ol (.36, significant at the
25 per cent level, and the Spearman gave a rank correlation ol 047,
signilicant at the 5 per cent level

Furthermare, the order of magnitude of reduction in lead time was greater
than that of the reduction in inventory levels, in 923 per cent ol the observations.
Two-thirds of the organizations reported reductions in lead time to within 1.3
per cent ol the reduction in inventory level. Thus, we can conclude that both
inventory and lead time tend 1o be reduced concurrently as a resull ol applying
TOC techniques.
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Rezearch into the application of the just-in-time (JIT) methodology has =0 [ar
been unable 1o reveal or conlirm that these two perlormance measures exhibil a
similar relationship as a consequence ol JIT. Corbett of al (1992) surveved
Australasian manulacturers and received responses [rom over 200
organizations. The Corbelt o al (1992) data indicate that organisations
applying JIT did increase inventory turnover, at a greater rale than lor a non-
NIT sample. [Towever, there was no signilicant dilference in lead time reduction
between the two groups. Both groups reporied a 3-5 per cent reduction in
manulaciuring lead time. White (1993) reporis on a major survey of 175
manulacturers that implemented JIT. An average reduction in throughput-lime
(analogous o lead time) ol 591 per cent was reporied, (see the 70 per cent in our
analyzis.) White does not provide any data on any corresponding reduction in
inveniory levels, Tlence [urther investigation is required to establish whether
there iz a correlation between lead time and inventory reductions in instances
ol JIT implementation.

Relalionships belween [nancial and operalional performance measwres. In
addition to the above analyzes, we alzo conducted an analvsis of all reporied
results, both qualitative and quantitative, pertaining io the perlormance
measures. We tabulated reported improvements on two dimensions: the [rat
was reporis ol improvemenis in lead time, cyvcle time and/or DDP. This
dimension captured the notion of [aster response o the customer. The second
dimension was improvement in either inveniory levels, or [inancial
performance (throughput, revenue or profitability). The breakdown ol the 81
cases is provided in Table V. Over hall ol the organisations (15/81) reporied an
improvement in both areas simultaneously. Almost hall reporied an
improvement in one or other area. This suggesis a highly nonrandom ellect.
Using a Chisquare test shows that we can reject the hypothesis that
organisations reporting an improvement on one dimension do so at the expense
ol an improvement on the other dimension (significant at the 5 per cent level).

Successtul TOC
applications
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Table V.
Reblonship belwesn
perlormanece changes

Improvemenl in Mo reporled Tmnprovemnent
mvenlory andibr lmandal  m myventory or Doancal
perlorTmee perlormans
T SITES AT
Impmvements m L7, CU andir DODP 45 14
Moy reported tmprovemesnt m L7, O
ancddor P i, i

MNoLes:
Abbreviations LT = led tme; O = cvele tdme; DDP = doe dale perlormanee

The relalionslip belween nvenlory and profilailly. Goldratt and Fox (1986)
argue that profits will also be indirectly positively influenced by decreases in
inventory. Unlortunately there were only three cases [or which data [or both
profit and inventory were available. More data are needed to test this hy pothesis.

Inlangible changes

The case studies also contained comments on many other changes that are less
tangible or measurable than the ones listed earlier. These include: an
improvement in morale reduction of chans and siress; betler team [unclioning
and employee involvement; people acting more “as one”; improved [lexibility and
responsiveness improved customer satisfaction; and improved quality. Many ol
these changes can be explained by TOC's [ocus on global perlomance, while
other improvemenis, in say (lexibility and quality, often resuli [rom a reduction
in WIP inveniory which means that less is in the pipeling, and changes/
corrections 1o schedules or procedures can be enacted [asier. We have not
attempled 1o code and analyse these intangible [actors, but would recommend
that an analysis ol such intangible [actors would be a worthwhile area [or [uture
study, particularly as the number of TP applications increases.

Summary of e findings  quantilafve veswdls. TOC provided a source of
competitive advantage [or manulaciuring organisations reporting resulis of
TOC application, as evidenced by this research which concludes that the
application of TOC techniques vielded substantial reductions in lead time
(median 75 per cent); cycle time (median 66 per cent); and inventory (median 50
per cent). Improvements (increases) in DDP (median of 50 per cent) were hased
on a small sample. Financial improvemenis were also considerable, with
median 39 per cent improvement in revenue. Unlortunately, very lew casze
studies reported increases in profitability, but those that did had a median
improvement ol 100 per cent. In relation 1o lead time and inventory
performance measures, it can also be concluded that the hypothesiz that
reductions in lead time and reductions in inventory levels are positively
correlated (Goldratt and Fox, 1986, p. 65) is confirmed by the statistically



signilicant regression and Spearman rank correlation resulizs. Finally, lnancial
and/or inventory improvemenis were olten gained at the same time as
improved response (o customers (lead time, cvele time or DDP); one did not
occur at the expense of the other

Limiled wse of e full vange of TOC lechnigues. The TOC approach
embraces many principles, guidelines, processes, techniques, methods and
inols. The lierature zearch, data collection and meta-analvsis revealed that
none of the applications used the [ull arsenal of TOC techniques, methods,
inols, ete. The most common componenis applied were the (ve [ocusing steps
in the process ol ongoing improvement, and the drum-buller-rope scheduling
system. Reported applications of the TOC TPz were less commonly reporied,
not surprizsingly as this component of TOC iz a [airly recent development.
While many ol these TP applications describe very success(ul applications,
olten the resulis were notl reporied in terms amenable 1o aggregation or
synthesiz 1o this present study (eg. Dettmer, 1998, pp. 126-8). The literature
does not vet report sullicient resulis to enable us to evaluate the value of the
TPz as a means ol guiding syslem improvement.

The linding that no applications used the [ull TOC arsenal, indicates that
only a portion ol the [ull power of TOC was utilised. Furthermore, like any
methodology which is evolving, the tools and techniques used in the early
1990z are likely 10 be dillerent [rom the tools used laterin the decade Each caze
iz dillerent and each application is unique in its combination of tools used, and
the wavs in which those tools are interpreled and applied. The application of
TOC in such a variety ol cazes iz thus likely 1o be of variable quality and to
vield variance in resulis. This provides another justification [or the choice of
the caze survey method. In situations where there iz such variahility, it would
be [allacious 1o examine only a small number of cazes (o aszess perlormance.
By drawing on a larger sample, the case survey method iz better placed o
make this assessment.

Furthermore, with such diversity, and with limited data on particular
azpecis ol TOCapplied, it was notl considered worth testing whether the resulis
are correlated with particular componeniz. Ilowever, this may be a question
worth pursuing in [uture, especially 1o compare the relative success ol
applications using the TP's versus those not using them. Evidence 1o date
suggesls that organisations can polentially experience greater operational and
lnancial improvement il they were to apply the TPs and gain the [ull weight of
the methodology. Tlowever, the lack of empirical evidence ol the value of
applying the TOC TPz means we can nol make categorical statemenis about
the additional benelits o be derived [rom their application, prior (o the
adoption of the operations strategy techniques

Fositive reporling Mas. All of the reported caze studies [ound in the search
were success stories. [Towever, there have been [ailures, as instanced an early
widely publicized [ailure in the mid-1980z where Mars sued Creative Ouiput
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hecause ol poor perlormance, but this related 1o the uze of the OPT soliware
package rather than the broader TOC methodology. None of the surveyed
applications of TOC could be described as [ailures: even the single instance ol a
1 per cent increase in inventory was explained as being due 10 the
implementation of buller management which provided more reliable delivery
o customers and enabled lead times o be reduced by 88 per cent. Negative
data may have heen omitied [rom case reports, providing a biased view, vei the
cazes themselves were clearly portraved as success stories

We could find no published evidence to support theassertion by Noreen ¢/ al
(1995, p. 118), that “as with other improvement programs, such as TQM, the
[ailures (of TOC applications) probably outnumber the successes in the sense
that improvementis [all short ol expectations”. At the sites they visited,
managers were generally happy with what they had done, but usually [eli they
should have used TOC more Noreen el al (1995, p. xxii). This view was
particularly true with regard to the TPz, and many ol the sites that Noreen ¢l al
(1995) studied were using the TPs In contrast, the majority ol cases in our
literature review used the “production solution” (drum-buller-rope, locusing
steps, buller management), and this may account [or much of the dillerence in
judging the success of TOC. Noreen of al (1945, p. 119) state that in job shops,
“ellorts will be rewarded with almost immediate improvements in operations
and in profits at virtually no cost. Tlowever such elloris ultimately will lead o
[ailure unless management outzside of manulacturing is willing 1o embrace
TOC or evaluate manulacturing performance using TOC measures.” While
they give nn data o support their claims, the claim about immediate
improvemenis {allies with what we [ound, while their cautionary note echoes
our perceived need [or [ulure research on the long-lerm impacis of TOC, with
one ol the research gaps that we identified being a lack of longitudinal studies
on the application of TOC.

In light of this unknown positive reporting bias, we need to bhe a little
cautious when drawing conclusions bevond the scope of the present study.

Implications of the research

Tmplicalions for managers of manu/aclwring operalions

This research clearlv indicates [rom the available evidence that TOC thinking,
methods, 1ools elc. have been a source of competitive advantage [or the
manulacturing organisations which reporied resulis. Such a conclusion leads
us 1o speculate about the replicability ol the resulls in other manulaciuring
settings. We cannot aszert that the resulis presented above are tvpical resulis
ol applving TOC, as the hias associated with reporting resulis (as previously
discussed), and the lack ol control over the sample, preclude such assertions
heing made. We can assert, however, that organisations that apply TOC can
and did achieve the resulis outlined above. Therelore, managers in other



manulaciuring organizations can ilake some confidence [rom the resulis
achievable il they make ellective uze of the TOC methodology.

In interpreting the resulis, we also recognize that the improvemenis are
relative 1o a base state [or each individual organisatinn prior 1o the application
ol TOC. One might expect that companies that have already streamlined their
operations have less to gain and may show less startling resulis [rom using
TOC, than those whoseoperations have nol already been improved. Tt may hea
comparatively simple task [or an experienced and well-educated improvement
gpecializt 1o produce signilicant improvemenis  using any ol the well-known
improvement methnds  in a poorlyv-managed organisation, whereas gaining
improvement in a comparatively wellmanaged business would be a lot more
dilficult. The impressive results of TOC implementation may benelit [rom such
so-called “low hanging [ruit” in some instances. [Towever, the organizations
reporting results include a number of major international businesses, such as
Ford, General Motors, Bioeing and Proctor and Gamble, o this may be ruled out
as a valid explanation of all the successes. Tor example, Ford Electronics
obtained a 90 per cent reduction incycle time using TOC, on top ol 2410 per cent
reduction they had already achieved [rom applving JIT and TQM (Detimer,
1998). From the available evidence, we cannot determine the exient io which
the impressive improvementis reporied represent the “picking ol low hanging
[ruit”. Tt would be uselul in [uture i organisations could indicate previous
improvements.

With regard 1o the TOC TP tools, it could be argued that the benelits [rom
these applving are not neceszarily subject 1o the zame limitation  the henelits
could be much larger because much more [undamental assumptions and
policies are being tackled, and changes (o these areas can have major impacis.
Thus the TPs are olten used 1o attack thornier issues, which can hardly be
regarded as “low-hanging™ [ruil.

The TOC [rameworks oller an approach to management that rellects a
systems-nrienied holistic paradigm. The success of the approach must raize
questions about the continued appropriateness ol the existing methods
conzistent with the dominant [unctionalist paradigm (specificallyv: high
inveniory MRP systems, Cost and ABC acoounting). Managers must ask the
question: “Are the current dominant paradigms producing satislactory
operational and Onancial resulis?”. Managers need (o assess the perlormance of
their organisations as a whole, and consider i[ a new zource ol competitive
advaniage is desirable. Managers then must consider what sources of
competitive advaniage are open 1o them, and assess whether TOC is a viahle
option. Recent texts such as Corbett (1998), Smith (2000), and Swain and Tell
(19949) provide considerable discussion of these iszues, demonstrating the
superiority of the TOC approach on theoretical grounds as well as citing
numerous examples. This research mayv alzo aid that assessment by
summarizing the reporied evidence of TOC in practice.

Successtul TOC
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Az dizcussed above, the reportz of TOC applications are overwhelmingly
[avourable. The lack of criticism associated with the use of the TOC methods,
particularly when compared with BPR, TQM and JIT, could indicate its
superiority over other methods, or it could just indicate that the downsides
have vel 1o be identified. Consequently, users must think [or themselves about
possible negative ellects. They can, however, take comlort in the [act that TOC
iz [ounded on systems principles, and as such considers both the hig piclure as
well as the impact ol local practices/measures/constrainis on overall
performance. [l contains tonls that are designed specilically 1o address and
manage 1hese global and local issues, and any potential negative side ellects
and successlully negotiate a way through the change process to improve
operational and (nancial performance.

Implicalions for oller areas of business

There is now a small but growing body of literature describing applications to
areas other than manulacturing, which may provide [ulure researchers with
[ertile material [or study. Managers in other areas of business can [ind good
examples ol the diversity thal can be handled with the TOC approach (zee
Dettmer, 1998 Kendall, T998: Trite, 20000 Leach, 2000 McClelland, 1998:
Newhold, 1998; scheinkopl, 1999; Schragenheim, 1999 Mabin e al, 2001).

Implications for O&PM researchers

In atiempling o draw conclusions [rom this research, we recognise that there
are obviously many areas where more research could he done, such as a
rigorous critique of the TOC methodology: longitudinal studies of
organizations in which TOC has been applied; success [actors [or the use of
TOC:; as well as [urther development ol the approach itsell and theoretical
ECTIES

For a more rigorous assessment ol the ellects of TOC, we eould [irst, revisit
the caszes in this present study and seek independent conlirmation of the ellecis
ol applying TOC. This could perhaps be turned into a longitudinal stucy.
There is a dearth ol longitudinal studies on the performance of TOC over time.
Such studies could provide valuable insights into the prerequisiies [or success
and [ailure at various stages ol TOC implementations. Contexiual inlormation
should also be supplied: specificallv, we need 1o know whether and what other
improvement approaches had previously or since been applied. This
inlormation may perhaps shed some light on the question of whether any
change, not just TOC, might have led to improvemenis.

One of the pressing issues identified in this paper, though, is the need lor
more complete and more consistent reporting of caze resulis: a standard e of
measures should be used o provide the required inlormation and 1o [acilitate
summaries such as the present survey. For the cases summarised in this paper,
the inconsisiencies in performance measure delinitions was an issue that may
he able 10 be addressed by returning to the original organizations, although



[rom our experience the data may simply not be available [or the required
measures. [[ [ulure case write-ups used a standard set of measures, this izsue
could begin to be addressed. Al a minimum, the changes in throughput,
inveninry and operaling expense measured according to TOC delinitions
would provide adequate information to caleulate [inancial performance
improvemeni. Traditional perlormance measures, including the operational
perlormance measures lisied earlier, would alzo bhe valuable, where
appropriate. Both belore and alier data, or data showing improvements as a
perceniage of the original, are essential to allow compilation ol summaries
ACI0RS CAZes

With more applications coming [rom outside manulaciuring, including the
not-lor-profit sector, we will need 1o resort more to T, Tand O, and solter
intangible measures. Reporis should alzo include details on the sie ol the
organisation, and the part(s) in which TOC was emploved. The strengths and
weakneszes of TOC in itz broadest sense, and the intangible ellecis of s
application, should be reported. Notwithstanding the comments earlier about
the diversity ol TOC applications, there iz a need [or clearer reporting ol which
azpects of TOC (thinking, methnds, tools, techniques) were emploved, il links
between methods used and results achieved are to be made.

Both case surveys and surveys ol users would be worthwhile sources ol
information on the perflormance of TOC. [Towever, even where case reporis did
include the above data and did provide more information, likely variation in
delinitinns and interpretations would limit the power ol the resuliz. A survey ol
TOC users may be better able to control for such variability, but there is still
likely 10 be some degree ol variability in the bases ol interpretation.

The links between the TOC and other sysiems theories are vel 1o be
examined. Multi-methodologies [ormed by combining TOC with other methods
have heen popular and will no doubt continue as a research locus. One of most
recent ol these iz The Decalogue: a ten-step method combining Deming’s and
Croldrati’s teachings (Lepore and Cohen, 1999). Other growth areas are project
management (critical chain), supply chain management, enterprize resource
management, and the application and [urther development of the TPs 1o meet
new perceived needs. Iowever any such research [aces a serious challenge in
that il needs 1o be carelully [ramed {0 maximize itz currency and 1o avoid
lagging behind the developments continually being made to TOC itsell.

Concluding discussion

The TOC has been emploved in a range of manulacturing and other
organizations [or the past 20 vears. Over thiz time, the methodology has
developed a dedicated [ollowing among those [amiliar with the approach. The
body of literature addressing TOC has accumulated steadily, with over 400
articles and 15 books published on the topic in the last ten vears. Our research
has indicated that the rate of publication on TOC is steadily increasing. The
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literature containg many case studies or case vignettes of the application of
TOC 1o manulacturing organizatinns. Numerous success stories are reporied,
but hitherto no overall assessment of the impacts of applving TOC has heen
available. This research exercize has attempied 1o address this gap by posing
the question of whether TOC provides manulacturing organisations with a
source ol competitive advaniage.

Data gathered using the caze survey methodology were used to address the
question. Organisations applving TOC and reporting resulis  gained
considerable improvements in imporiant performance measures such as lead
time, cycle-time, and revenue, indicating that TOC did provide a subsiantial
source ol competitive advantage [or these organizations.

TOC has evolved and expanded over time. The majority of the applications
reporied on did not employ the TOC TPs  the svstems-thinking-oriented
process improvement approach which is now the core of TOC. The advent of
ihe TPz not only broadens the range ol applications of TOC, but also broadens
the areas ol applications. This work suggests that Goldratt’s broader TOC
methodology can be uselully and ellectively applied beyond the manulacturing
organizations, that initially inspired the earliest TOC methods and concepts, 1o
the wider commercial and not-lor-profit sectors.
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