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ABSTRACT

The aim of this paper is to establish key issu@s$ ¢éhtheory of production should
address, to conceptualize these issues and tohskataccount of their interaction.
Aristotle’'s analyses of knowledge and causality ased, in conjunction with
Wittgenstein's concept of language games, to iateghe insights of transformation-
flow-value (TFV) theory and the language action spective (LAP) within a
framework derived from Liker (2004). Building onkeir, we identify four language
games that are necessary for production:
1. drawing on scientific knowledge to determine thetlghysical arrangements
for the achievement of a pre-given value;
2. two value discourses which determine
(a) the target value for (1) and
(b) the human relations which will enable the achieveintd (1) - Liker's
‘long term philosophy’ and ‘developing people anmgamization’, plus
the Language Action Perspective;
3. a discourse of learning and knowledge with the amn continual
improvement.
Four of the key concepts used in these games antifidd (flow; work, knowledge
and commitment) and related to the functions of agament. Finally, an overall
theoretical framework is proposed.
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INTRODUCTION

A theory, by its nature, represents reality by tdgimg certain phenomena and
abstracting away others. Which phenomena couldearyhof production include?
How can we best conceptualize these phenomena? ddawwe account for their
interaction?
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However, as we shall argue below, a productionrthsonot simply an attempt to
represent reality, but is in itself an exercisepinduction. Furthermore, it involves
right action: conformity to a set of values.

The theory proposed here is intended to bring tamgethe various strands of
thought that make up the theoretical developmentsean Construction thinking, set
in the context of analysis of the Toyota Produc&ystem. In doing so, it is intended
to provide a framework for further theoretical deygnent. The resulting theory will
stand, not simply as a guide to Lean thinkers amadtpioners, but as an answer to
calls for a theory of organization that takes a@éguwaccount of the activity involved
in production (Barley and Kunda 2001).

PRODUCTION PHENOMENA

In this section, we attempt to identify necessamydpction phenomena through an
examination of previous work.

Koskela (2000) proposes that in effect there ameethexisting theories of
production, whose central concerns are transfoonaflow and value, respectively.
The development of TFV logically requires the swsiis of these three approaches.
While transformation is seen to be the basis oftntlmisking in construction and
project management, the development of lean cartgiru theory has focused
primarily on flow and value (Koskela and Howell 200Both theories address the
design, control and improvement of production syste

The Flow (F) theory treats the production process aomplex of flows and is
built around the fundamental principle of reduciugste. This leads to two further
principles:

1. Reduce lead time; and

2. Reduce variability (Koskela 2000).

The formulation of Value (V) theory was intendedatcommodate Shewart’s (1931)
quality perspective, formulated as five principles:

(1) Requirements capture;

(2) Requirements flowdown;

(3) Comprehensiveness of requirements;

(4) Capability of subsystems;

(5) Measurement of value (Koskela 2000).

While the flow concept has continued to lead taHer developments (e.g., Bertelsen
et al. 2006) the transactional phenomena includethe value concept have been
addressed through an alternative language acticapgetive (LAP) (Macomber and
Howell 2003, Slivon et al. 2010), while the notiohvalue itself has been subjected
to critical scrutiny (Emmitt et al. 2005, Thyssdrak 2010).

Clearly, skilled linguistic action is essential #¢dicit design requirements (1),
while the negotiation of requirements flowdown (2Zhe communication of
comprehensive requirements (3) and the assessrhenstomer satisfaction (5) are
directly addressed by the LAP oriented promise thasanagement (PBM) approach.
Other, product realisation, aspects have much mneon with F theory. Thus the
statistical process control method can be conceiwkdis addressing a further
dimension of flow variability.
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Liker (2004) suggests that the Toyota Productiost&y (TPS) functions on the
basis of 14 principles, categorised under 4 headifang term philosophy; right
process; developing people and partners; and eanisly solving root problems. If
long term philosophy and developing people and ngast are considered as
sociological values issues (Rooke et al. 201@giit be argued that TPS has 3 leading
features: the management of process flows, thelal@went of values, and continual
learning. Thus, we find at least the following pberena:

» transformation of materials into products of greatdue

» the temporality of this process

e capture and communication of customer requirements

» the assurance that customer requirements havenheten

* negotiation between participants in the producgicotess

» fundamental values

» learning

PHILOSOPHICAL ORIENTATION

As stated in the introduction above, we are corextmith creating a theory that can
conceptualize phenomena in a way that will enabléouimprove production. Thus,
our theorizing is constructive in nature, intendad prescriptive, rather than
descriptive, as in positivist interpretations ofstific activity.

Our approach to theory building is based in an wstdading of language which
draws our attention to the fact that language i§ 41 form of action and
[2] fundamental to thought. Society and science ldiobe impossible without
language. Wittgenstein (1958) uses the metaphdargfuage games to model the
ways that language works, pointing out that to tekens from one game and use
them in a game to which they don’t belong generatedusion. Ryle (1963) refers to
this type of error as a category mistake, usingetkemple of a visitor to Cambridge
who, after being shown around the various collegeks ‘But where is the
University?’, not realising that the colleges maikethe University. Our problem then
is to identify the language games that will besabd@ us to analyse and improve
production. A key insight is that questions canelitber of two types: empirical or
conceptual, the former are answered by investiggpimenomena in the world, the
latter by examining the language we use (Winch 19B0rther important work has
been done by Searle (1975) who claims that linguégttion can take only one of five
forms:

» Assertive, committing a speaker to the truth oéapressed proposition;

» Directive, intending to cause a hearer to takericogar action;

» Commissive, committing a speaker to some futur@agct

» Expressive, expressing the speaker’s attitude aediotion;

» Declarative, causing an actual change in reality.

In order to specify these language games, we boeawmber of concepts from
Aristotle. With his four causes (effective, matériformal, final) Aristotle (1960)
gives us an idea of the kinds of language gameshmmight make up a theory of
production. These are:

Effective cause - cause as it is understood in mmdeience, the necessary and
sufficient conditions for an event to occur;

Theory
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Material cause — what the object is made of;

Final cause — the purpose or reason for an evesttject;

Formal cause — the form that a thing takes.

Formal cause is subject to some difficulty and disp The idea comes from
Plato, whose theory of pure forms is rejected bigtatle. It refers to the form that
something takes. In Plato it leads to a philosagdhdmialism which is rejected in the
linguistic philosophical position underpinning thpaper (Wittgenstein 1980). Here
we will take it to refer to the structure an evenbbject. Clearly, there is a difference
between discussing the structure of a physical abbjguch as a girder and the
structure of a social arrangement, such as a peomis

Aristotle (1976) also identifies five forms of kntealge, of which three have been
of particular interest to recent commentators:

Episteme: demonstrable knowledge (for instancensitielaws);

Phronesis: knowledge of good action (for instanoerality and politics);

Techné: productive knowledge (for instance, art, crafil &echnology).

Much recent discussion has focused on the relativehasis that should be placed on
these three forms of knowledge and the type ofdagg games that they underpin
(Dunne 1993, Flyvbjerg 2001). By contrast, the apph taken here is to understand
how the three forms relate to each other; spedtlifidaow episteme and phronesis are
necessarily constituents of techne.

The crucial distinction is that episteme proceedsnfa single point of view.
Phronesis, by contrast must take account of othedsrthan that of the analyst. This
has consequences for both design (deliberatioriiregafrom a final cause) and
rhetoric (advocacy for a course of action). Thoghe discussion of value below, it is
not sufficient to determine a putatively objectiseandard of value; value must
always be measured with reference to the indivigyateceiving the benefit
(Gronroos 2011). A similar argument applies to knowledge. Whwe take
knowledge to entail a sense of objectivity, in tftata phenomenon to be accepted as
knowledge, it must meet a public test, it is alwaybjectively experienced, it must
be known bysomeoneWhile it has been argued elsewhere that knowlexdgebe
embedded in the physical properties of objects kRoet al. 2010) this knowledge
only exists in an objective sense, it can onljkbewnwhen a human being interacts
with the object.

PRODUCTION THEORY

Modern science consists primarily in the analydisefiective cause (though also
includes material and formal cause, the latter tgided as definition). But final
cause has no part in modern scientific explanatidrch has no interest in phronesis
or techne and is thus unconcerned with problenvalofe.

In contrast, a theory of production (techne) mustcern itself with all four
causes. Production must have a final cause and emptoy physical means to
achieve it. In a modern context, it must also imeolsophisticated forms of

5 Techne' is often taken to refer to practical ‘danon’ work, as is its meaning in modern Greek,

perhaps most closely related to Ryle’s knowing hdie. take the view that this was not Aristotle’s
intention, for him techne was an intellectual virtequivalent to episteme and phronesis, which is
how we use it here.
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organization, whose success depends upon phromegsoduction, the final cause
should control all activity. This control shoulkétwo forms:

1. Customer satisfaction must be at the centre oattadysis; and

2. Other stakeholders must also be satisfied.

We do not have to explain final cause in termsta bther three causes: this is
impossible. Final cause is dealt with more fullgenthe heading of value below.

Building on the TPS, TFV and LAP, we can thus idfgrfour language games

that are necessary for production:

1. drawing on scientific knowledge to determine thsthghysical arrangements
for the achievement of a pre-given value, cruci#liig involves a focus on
temporality;

2. value discourses which determines

a.the target value for (1) and

b.the human relations which will enable the achieveino (1) - Liker’s
‘long term philosophy’ and ‘developing people andamnization’, plus
the Language Action Perspective;

3. adiscourse of learning and knowledge with the afroontinual improvement
(of which the present discussion is part)

These are dealt with in the three following section

Since the controlling idea is the final cause,ghaciples of production theory are
expressed as prescriptive statements (instructmmsgyuidance), rather than as
propositions.

PRODUCTION SCIENCE

In order to determine the best physical arrangesnéotthe achievement of a pre-
given value, we draw on heuristic principles ohEdry, the foundation of which is to
reduce waste. Secondary principles include: retkast time and variability. There is
a third level of heuristic principles, which havetrbeen fully integrated into the
theory (Koskela 2000) and which include Liker's nmiples two to eight (Liker
2004).

However, it is clear that elements of the V thealyo belong to productions
science and that these are, in many ways the nmeatlaped. Thus, the quality
control tools developed by Shewart are concernékl the physical properties of the
production process (capabilities of sub-systentsjs kalso arguable that they treat
production as a flow, though not in the same wafjoas is currently conceived in the
F theory. The two secondary principles of F thadentified by Koskela (reduce lead
time; reduce variability) are concerned with colitng the temporal dimension of
flow. However, a flow must also have spatial dimens and material form and
quality control is focused on some of these; spely, the spatial and material
gualities of a product, as measured against af sktsign specifications.

V theory also draws attention to physical propsrtsé communication which are
already conceptualised in terms of flow (incenfivevdown). While communication
is primarily the concern of the Value and Learngagnes, these physical properties
cannot be ignored. Thus, for instance, sufficiguatisl and technological provision
must be made for adequate communication.
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Theanalysis of work or operations (in Shingo’s terifil@ws centring around the
worker) is also a proper subject for productioresce, though it is primarily of
interest in the game of learning and knowledge meameent.

VALUE DISCOURSES

By ‘value discourse’ we mean a conversation to ri@tee the criteria (standards,
rules) by which human activity or its product is be judged (and therefore
governed). Human activity is of two types: makitectine); or action (phronesis).

If production science is concerned with the physgmgentific aspects of techne
(which belong to episteme), then value discourseoigcerned with determining the
final causes that govern the application of thiersge in any particular case. As
Aristotle (1976:VI:4) observes, techne cannot beirely a matter of scientific
generalisation, it must also deal with the spesititunique situations. The needs and
desires of customers and other stakeholders folanga part of these. Nevertheless,
some epistemic observations are possible.

The term ‘value’ is ambiguous in management studied has been subject to
much discussion within and outside of IGLC (Emrattal. 2005, Rooke et al. 2010,
Thyssen et al. 2010, Gronroos 2019¢veral distinctions need to be carefully made
between sets of criteria for:

1. the value of the end product for the end customibich we will call thebenefit;

2. the value of goods and services to those who ddirettly benefit from them;

3. benefits which accrue tetakeholders in the supply chain other than the end
customer;

4. the performance of producers

Set 1 can be determined by requirements captuferpexd as an analysis of the

benefits that the customer will receive from thel gmoduct. It is subjective in the

sense that this value is unique to the customercandot be compared with the value

another might get from the product. However it igective to the extent that the

specifications which deliver the customer value t@ndefined. An argument put

forward by Gronroog2011) amounts to stating that this definition ailue is

incompatible with a view that value is createdhe production process; he argues

that only potential value is created in the productprocess, true value is only

realized by the customer. However, a supply chaialagy, which treats each

operation as a customer to the previous operatidrsapplier to the next would seem to

satisfy this criticism. Following Parsons (1968) van see that the end product may be

either a source of satisfaction in itself, or a nset@ future satisfaction (e.g., a tool).

Set 2 introduces the market mechanism which effelgtiestablishes exchange
value. It is based on the principle of offer andegatance, leading to @mmitment
to deliver. It has the additional objectivity ofaling comparison between the value
attributed to a product by different people, eitddferent customers or customers
and suppliers.

Set 3: the benefits accruing to other stakeholderof various types and there are
various types of stakeholder. For those directiyoived in the production process
benefits are of two types: cash or other paymentq@satisfaction gained directly
from involvement in the project (job satisfactioofking conditions). A stakeholder
analysis is important here.

Set 4: we can identify 3 sets of criteria for ewdilg the performance of producers:
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(a) production knowledge and skills (techne)
(b) fundamental values (phronesis)
(c) communication and learning skills

Productionknowledge is examined above under the heading adyation science.
Fundamental values are discussed by Liker in héattnent of TPS values
(Principle 1). Production, communication and leagskills are treated below.

LEARNING AND KNOWLEDGE MANAGEMENT

Learning is integral to F and V theories and toelik account of TPS. In V theory
this is expressed in the Shewhart cycle. Likeromhices Senge’s organizational
learning theory, but there are many relevant agtres, including ‘active’ learning
(Ko6lb 1984) and ‘action’ learning (Revans 1998%ues of organizational culture and
politics need to be taken into account here.

Knowledgecan initially be divided into knowing how and knaowi that (Ryle
1963). Knowing that is informed on the one handthgory and on the other by
genchi genbutsu (going and seeing the reality faself). The latter recognises the
contingent nature of techne, the former its epigtedimension. Knowing how is
achieved through participant observation. Both kedge how and the contextual
knowledge that achieved by genchi genbutsu camdigep according to the criterion
of Unique Adequacy, requiring competence in asgtfRooke and Kagioglou 2007).
Both kinds of knowledge can be stored in the platgicoperties of objects (Rooke,
et al 2010). The curation of knowledge - that i® ttnaditional discipline of
information management - though visual managememtigies important additional
techniques where the emphasis is on accessihildykaowledge flow. It is less often
remarked that knowledge-how is also embodied in foven of automation and
Toyota's particular approach of autonomation (Oh888). Thus, while learning is a
purely human phenomenon, which can only be dealh wi the context of a
humanistic ‘other minds’ discourse, the issue ofbwiedge management has
important epistemic elements.

RELATING THE CONCEPTS

Figure 1 represents a first attempt to relate saihéhese important techne
concepts. These are criteria, rather than desgiptiopositions, as they would be in
natural science. Three types of criteria are idiedti for the product; for the
production process (including the work that drithat process and the human
relations that make it possible); and for the besdtuman relations that provide the
context of production.

Determining the criteria for the product (or seejiaequires stakeholder and
benefits analyses. The identified benefits andodisefits inform the design.

Thedesign of the production process, which is the d$oainterest here, requires
the consideration of both episteme and phronesiense and value discourse. The
four key phenomena on the bottom level of the diagrare set on a continuum
between pure episteme and pure phronesis.

Theory
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Criteria

]

Product

Customer Benefits
Benefit To Other
Stakeholders
- Workers
* Owners
= Neighbours

Production

Flow Work Knowledge Commitment

Episteme Phronesis

Figurel: Criteria for Techne: Summary of Production Tlyg®henomena,
showing how episteme and phronesis contributecione

ANALYSISOF THE FUNCTIONS OF MANAGEMENT

If management is seen as the design, control aptbvement of production systems,
then the following observations can be made.

DesIGN: Designis knowledge work, which is to say that its prodisdtnowledge, it
is primarily a learning process (the analytic redsg involved being a type of
learning). However, knowledge must be curated amdngunicated, requiring also
the study of both rhetoric (value discourse critefc above) and informatidihows
(the physical requirements - production science)iaformation flows.

CoNTROL: Control is primarily about getting commitment froothers (value
discourse criteria 2). The work of achieving sowammitment is studied in the
language action perspective (Howell, et al 2004)heve the flow of design
knowledge has broken down, this is often wher@ok for the problem.

IMPROVEMENT: The aim of production improvement is to improvea so that they
contribute more effectively to the creation of bi#nd his is done, either directly, or
by improving the work methods which drive them bgreasing relevant knowledge.

THE FOUR LANGUAGE GAMES

The four production theory language games and kegcpiptive principles that

derive from them are given below. This list prod®th a prescriptive checklist for
improving production and a framework for classifyimproduction studies. It

incorporates the four major aspects of the TPSgmized by Liker (2004) while

providing a more theoretical analysis of these. Hmwv analysis remains largely
faithful to Koskela’s (2000) characterization of tReory, but incorporates the
importance of conformance to specification empleakisy Shewhart (1931). Other
elements of V theory are distributed between themothree language games. LAP
(Howell, et al 2004; Macomber and Howell 2003) pdes the basis of the

Relationships language game.

BENEFIT: A benefit is either a direct advantage or an aidetter achievement of
purpose
» The purpose of production is to deliver customereli¢s.
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+ Benefits to other stakeholders must be taken iotowant.
+ Dis-benefits to all stakeholders must be taken atiwount.

FLow: Production consists of physical flows with spatiatl temporal dimensions.
* Reduce waste
* Reduce lead time
* Reduce variability (including variation in produgiality)

NETWORKSOF COMMITMENTS
* Adhere to a sound long-term philosophy
» Respect your people, partners and suppliers
» Seek and make reliable commitments
» Develop people, teams and leaders who understanavdink and follow
the philosophy

KNOWLEDGE: Knowledge ‘that’ and knowledge ‘how’
* Go and see for yourself what the problem is
* Learn through action
* Understand the whole system in terms of its flov®nefits and
relationships
* Manage the company’s knowledge

CONCLUSION

In this paper we have sought to integrate thre@neagproaches: TFV, LAP and The
Toyota Way. Two philosophical resources have be#izad to provide a basis for

doing this. First, we have assumed that a produdti@ory is a kind of techne, a
theory of making, rather than the kind of descviptiheory typical of natural science
(episteme). This means that the principles of lie®tty are prescriptions, rather than
descriptive propositions. Second, we have assurhad production theory is best
understood as a series of language games, ratheratha single theoretical edifice.
By analysing the TFV, LAP and Toyota Way approaches have established the
need for four such language games: production sejebenefits analysis (value
criteria 1-3); commitments analysis (value critetjaknowledge analysis.
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