Technological empowerment:
creating local knowledge with calculating practice

[Purpose]

The purpose of this study is to reassemble the gg®mf knowledge construction in
terms of measurements and calculations and to &idithe empowerment process enabled
by the management mechanism that encompasses mezesuis and calculations.

[Design / methodology / approach]

In order to analyze the case of Material Flow Cdégsicounting (MFCA), we have
employed the discussion on the relationship betweaescription, knowledge and
reference(Latour, 1999) and insight from accumuwlasi of inscriptions (Latour, 1987). We
collected and analyzed data on the FY2010 impleatéort of MFCA in the painting
process of Yamashina plant, Nippon Denki Kagaku, €Ctd.,(NDK) by action research and
participant observation. Our analitical focus isthé detailed level of measurements and
calculations practice conducted in MacKenzie (2009arcia-Parpet (2008), and Latour
(1999).

[Findings]

First, this study shows that the technology of cédtion enables the construction of
localized practical knowledge by setting up objeofs measurements and calculations
dexterously. Rather than taking the dichotomouslawdew of technological practice and
social practice, we grasped the implementation ofFQM as a field of knowledge
formation in the actor world created by measurenerd calculation practices. Second, as
a result, this study also shows that embeddinguating practices within management
system programs can have an effect of empowernmeamal knowledge that was generated
for each diverse context created power for autonmnactions, and at the same time, the
aspect of uniformity of calculation inherent in tlpeogram acted for the control of the
organization.

[Originality / value]

First, this paper clarifies the organizational pres of knowledge-power, which is
created with measuring and calculating. In convemal studies on accounting and
knowledge-power, a calculative device is embeddethé social relationship between the
surveillant and the governed person and is encldasetthe web of accountability; on the
other hand, in this paper, by focusing on the irdlxtionship between the calculable
object and the measurer, we view accounting-astedtation-device as one of the actors

forming the network of knowledge-poweglationship. Second, we have shown the process
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of technological empowerment.Conventional studies on empowerment discuss
technological empowerment from the viewpoints otiab structure and psychology. In
contrast, by paying attention to measuring and waltng practice, we have shown, in this
study, a form of empowerment in which the technglag calculation itself defines a
creation of knowledge to enable a change in the grorelation without a grasp of the
knowledge and skill that would come with the delega of power. At the same time,
measurements and calculations, which had been cdioreally overlooked and embedded
in the process of participation, have been re-eatdd in terms of organizational meaning
in their practices.

[Keyword]

inscription, knowledge, MFCA (Material Flow Cost é@unting)

Introduction

The paintings and objet created by Joan Miré wowldto describe more than what is
inscribed and formed in them. However, it is nextimpossible to reproduce not only the
dusty air felt by the skin when walking around thmable land but also the rut you feel on
the soles of your feet, the mixture of smells frdwestock and grains, and the collection
of unorganized sounds that fill in the ambiencethe same manner, accounting numeric
figures intend to convey massage in their inscopsi more than the relationships of profits,
incomes, and costs. However, the techniques ofleskilworkers actually working in
factories, the advanced technologies hidden in nelte and employee morale are, though
important in the management decision-making proceesreflected in such figures.

As Roberts (2009) warned on intelligent account&pilve need to direct our attention to
the relationship between numerical values that tdamne accounting practice and the real
world not described by them. Rather than capturihigngs not described in accounting
figures as the context that affects it, we needosesly to take the ambiguity, of which
separates accounting from other things. As Latdi®99) described the moment at which
the boundary between forest and savannah is drawhe hybrid world, accounting figure
are constructed in the hybrid relationship.

The very moment at which it is generated provideamsopportunity to consider the
meaning of the substance being cut off into nunarialues. With regard to integration
environment and economy, analyzing accounting apatified information depicting
efficiency is not enough. If researchers did naedt their attention to the contact point at
which practice is integrated with accounting in timgbrid calculation space, business and

environment would be still separated.



Rather than trying to grasp issues in the world sgh&environment,” “calculation
techniques,” and “accounting” are objectified, weoald take it that constitutive actions
are chained and connected to each other in hybragtice. With focusing on technology
we could witness the the dexterity to link naturelsociety, which have been demarcated
from each other. In contract theory as well as goability or institution, calculative
practice has so far been discussed while dichot@mhyowontraposing the issues of
technology and the issues of humans. However, lmxaa technological aspect in
calculating practice itself stays the basis of stgi environmental problems cannot be
solved if we overlook the interaction of calculaipractice and humans’ practice.

Thus far, there has been a great deal of reseabctutathe social composition of
accounting (e.g., Hopwood, 1987; Miller & O’Lear¥987, 1993).As measurement and
calculatve technologies have come to be increagiepgibedded in hybrid practice (Miller
et al., 2008), measuring and calculating practicage come to be intricately embedded in
organizational lives Accounting, which has measures to transform probllansoluble
within the existing economic framework into thingsat can be solved (Callon, 2009), is
likely to be positioned at the forefront of resalgi the dichotomy of problems. MFCA
(Material Flow Cost Accounting) and CFP (carbon tfirint of products) are neither
abstract and idealistic calculating technologiesr nbe technology of governability
constructed in the political context (Miller & O'hey, 1994). Rather, they are
technological devices to perform the integrationtb& environment into the economy
while forming a network of actors.

In the hybrid world, frameworks for measurementsd atalculations are tactfully
designed. MFCA visualizes material loss that hasrnbeverlooked in the existing
management framework and connects management amcernkironment to each other
(Kokubu and Nakajima, 2008; 1SO, 2011). It, as wadl other management schemes like
TQM of QC activity, is programmed to encompass nueasient practices and calculations.
In these management schemes, how to express peadtimumerical terms will become an
important issue for solving problems in existing magement frameworks. In addition,
generating numerical figures provides a more diifezd range of information and contact
points than does utilizing given numerical figurd@herefore, in order to understand the
importance of digitization and calculations in mgaement schemes, it will be more
important to understand the action of digitizatiand the process of forming an actor’s
cognitive framework at the same time (Vollmer et, &009). However, in conventional
studies on accounting, preparer of numerical infation and the practice of generation of

such information have been often left outside tbepe of analysis or, at leaset, have been
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paid less attention.

Further, such matters as measurements and caleotatiften tend to be concealed in the
concept of “participation” in accounting practicAs is pointed out in studies on the
process of empowerment in relation to accountirghf®on, 1992) and in introductions of
accounting methods (Shields, 1995), the particgratdf the organization’s members is a
promotional factor of such activities; subjectivertmitment can be said to be a key
element for smooth management. However, information individual effort has been
ambiguous in studies on participation, and therefdndividual processes and elements
have been overlooked as objects of consideratitifi.f@rther, the effect of accounting and
calculative actions on members of the organizatias also been overlooked in this regard.

Accounting is composed of a variety of numericalufies, and the practice of generating
numerical figures is repeated over and over agaidaily accounting practices. Moreover,
accounting created in that manner characterizeegoand organizations (Hopwood et al.,
1987). One of the ways to think about the effedta@counting on an organization and its
members is to track back to the moment when numaédigures are generated. At that
point, the generation and social composition oftsnamerical figures will be made clear
in relation to knowledge formation.

As Latour points out, the practice of calculatidhat is, a series of actions to transform
objects into inscriptions such as numerical figursd to create the relationship of
inscriptions in a different space, forms the phdpbkical foundation of knowledge

construction as a matter of reference.

“Knowledge does not reflect a real external worhditt it resembles via mimesis, but
rather a real interior world, the coherence andtiewity of which it helps to ensure.”
(Latour, 1999, p.58).

That is to say, (scientific) knowledge is reflegithe steadiness inherent in a measuring
device that enables digitization or symbolizatiorhem inscriptions make references.
Therefore, knowledge depends on technology for meseents and is characterized by the

configuration of the technology. However, “problems” that require technology for

! Knowledge is not only what is shown externallyahgh inscriptions but also what is

learnt implicitly through physicality. Moreover, sln knowledge is thought to have effects
in the context of empowerment. A cognitive frametwarn the basis of which we will
conduct our inquiry cannot be realized only by ursd@nding the rationality indicated by
numeric figures and reflecting the rationality dretactual status; sensitivity to generated
numeric figures is also considered to constitute iarportant part of the cognitive
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measurements and calculation are not necessarpggpraptly present as given. Knowledge
is formed during the process of problematizatiorthivi a network of measuring devices
and other actors (Miller & O’Leary, 1993). When aniptions are generated, reference are
performed after trials are repeated, such as selectf appropriate technology and
application of technology to the real world (Latp@©99).

In this paper, we will, by tracking trials of duaeferences in accounting practices,
analyze the process of knowledge construction all a® the effects on a cognitive
framework of organizational members. The purposetto$ study is to reassemble the
process of knowledge construction from the aspettmeasurements and calculations and
clarify the process of empowerment facilitated bghnological device.

To achieve its purpose, this paper is composedHlsws. In the next section, through a
review of discussions on empowerment on managem@eodunting, issues to be addressed
in the paper will be outlined. With regard to themgowerment issue arising in relation to
management accounting, we refer to the problem thatprocesses of measurements and
calculations are concealed within the concept ddrtigipation.” In the third section, we
discuss the relationship between calculating prastiand knowledge construction to
clarify the study’s framework of analysis. As Lato{¥1999) points out, measurement and
calculation actions attempt to construct knowledigough their inherent steadiness and
continuity, while the knowledge can be the sourt®manizational change (Quattrone &
Hopper, 2001) and control through its diversity amdformity. In the fourth section, we
inquire into the case of the implementation of MF@®Ahe electrostatic coating process of
Nippon Denki Kagaku Co., Ltd.(NDK) to analyze tha&ationship between empowerment
and calculation practices. In the fifth section, @iscuss the case, and in the sixth section,

we summarize the discussion.

Accounting and empower ment

Empowerment aims at encouraging the autonomousvide8 of the organizational
members. To activate organization with empoweridge tmembers previous studies
highlight two issues: the transfer of power to eaydes, including the delegation of
authority, and controlling the empowered employe#s.the context of management
accounting in particular, the idea of empowermentliscussed in contrast with hierarchy
and accountability relationship. Rather than preisen specific work procedures or

coordinating interdependency, empowered workeexjgected carry out the organizational

framework. However, since the purpose of this paiseto clarify the roles technology
plays in empowerment, our analysis will involve @nsideration of these limitations.
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purpose with eliminating problems autonomously @sdn, 1992).

Delegation of authority is one possible measurasefmpowerment. As pointed out by
Conger and Kanungo (1988), however, delegationudfi@rity is not a sufficient condition
for empowerment. The socio-structural conditionsoofanizations need to be improved
(Spreitzer, 1995). In order for empowerment to wavkll, it is necessary not only to
change the organizational structures of authorrig aesponsibility but also to encourage
subordinates use their power; as such, it becommg®iitant to transfer to the subordinate
employees such strategic resources as informatimmgawith authority (Bartlett & Goshal,
1997). This kind of condition can be achieved nos$tjby direct transfer but also by
personnel development through provision of oppaitiaa for learning (Heller, 1992).

It is also claimed that in addition to making chasgn organizational structures, the
psychology of employees should be well consideredhsit they can clearly recognize that
they have been granted power (Thomas & Velthou®®0) It is important to establish
mechanisms that make employees recognize themsedgepowerful, however, mere
slogans with no provision of substantial informatticknowledge, or skills will nullify the
effect of empowerment (Forrester, 2000).

It is of course important to set up conditions ihiah such subordinates are able to use
power. What is often overlooked, however, is thataager framework of control is
necessary as well in order for management througposverment to take effect. Simons
(1995) points out that in order to manage an orgaimon through the use of empowerment,
it is necessary both to clearly represent the manmsmt vision and to present rules for
actions. In addition, it is useful to make additruse of conventional types of control
systems.

To achieve organizational goal with empowered memspi is also necessary to create
an environment in which subordinates and employsss discover problems and develop
the abilities and skills required to solve theme$h conditions are prepared by transfer of
strategic and managerial resources including inftran and provision of opportunities
for learning. In addition, it is necessary to calesi psychologically encouraging
subordinates and employees recognize the shifowep status. Empowerment can be said
to address all of these issues comprehensively.

In the context of empowerment mentioned above, antinog can be deemed to change
the content of information provided and the methafdinformation provision, and to
change and influence matters related to authoritg accountability. In contrast to this,
however, focusing on measurements and calculatimeshave shown in this paper a form

of empowerment not in which knowledge and skillse agrasped as provided with
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delegation of authority but instead in which teclogy of calculation itself defines
knowledge creation and enables changes in contrdlpower. That is, by focusing on the
action of the calculations embedded in the managerpeogram, calculations are set to
cause changes in power.

Although empowerment has been also discussed imuading studies, accounting
usually are treated as obstructive or promotioma&ktdr. Constructive role of accounting in
the empowerment process has not been clearly ddecudn other words, accounting has
been studied solely as an attachment to organizatiphenomena (Justesen and Mouritsen,
2011). By focusing on the measurement and calcahapiractices that compose accounting,
which we will discuss in the next section, we wbke able to clarify the action of
accounting to enable empowerment, which has beeanaburied within the concept of
participation. As a result, as understanding ofalophenomena deepens in knowledge
construction, problems will be discovered and amiemment for developing abilities to
solve them will be established, and, further, iflwie possible to discuss the role that
“programmed” measurement and calculation schemay ipl the area of control.

As with many other methods of business managemBfHCA supports managerial
decision making and improvement activities as aforimation provision tool, and the
effects of the use of MFCA on areas such as orgdiimal change (Numata, 2007) and
interorganizational relations (Anjo, 2007) have be® far discussed. One of the effects is
the enforcement of frontline workers through MFCmhich can be deemed to be
empowerment. To understand the the process of empuoent with MFCA in this study,
we do not simply ascribe the problem to enginegyariticipation in the process of
establishing MFCA—we discuss the matter of knowkedgonstruction through the
processes of measurement and calculation. In thé section, we will, therefore, by
analyzing the relationship between calculations &ndwledge construction, present the

analytical framework of this study.

Process of knowledge construction through calculations

Translation is a core concept of the actor-netwtiréory (ANT) developed by Latour
(2005). The ANT represents the idea of understagdhe network connecting actors as
major constituents as the whole rather than intetipg individual components of society
as independently existing. Here, what matters is ho grasp the relationship between
actors, and one of the focusing points of analysiganslation.

Translation is the process of affecting the intégsesf other actors by applying

transformation to their meanings and to the physlagouts, and it can be realized by
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replacing, connecting, interfering or drift (Latout999). When we regard accounting
calculations as translation processes, we can whaed that it is possible to apply
transformation to the structures of the interedtsther actors, thereby making it possible
for us to explicitly grasp their roles (Justenser&uritsen, 2011).

The sociology of translation was originally created the process of understanding
scientific knowledge through fieldwork in the lalory; Latour attaches special
importance to the fact that increased actor corinastlead to the emergence of fact
builders. From the point of view of accounting, aonting method can be regarded as
forming a network by connecting actors within andtgide the organization(Briers and
Chua, 2001; Mouritsen et al, 2009). Going beyone $khope of normal responsibility and
authority relationship, the scope of actor conn&usi enables a finer analysis of how each
actor feels and behaves through translation.

Additionally, in sociology of translation actorseanot necessarily limited to human
beings (Latour, 1987). All things that can applkiad of transformation to other actors,
such as accounting systems, computer monitors agasuoring instruments to weigh raw
materials, can be actors. In other words, in thioranetwork space in which nonhuman
(including accounting calculation methods) is retgd as actors, interactive relationships
between humans and nonhuman can be grasped.

An important note about translation is that objeittat have been translated emerge in
the forms of symbols and numeric figures, and, ashs may have different possibilities
than they had before. Because this point is giveecgl importance in the sociology of
translation, such forms of expression as symbold anmeric figures are referred to as
“inscriptions”, and their roles in the formation attor-networks have been analyzed. The
results of accounting calculations are nothing imstcriptions, and therefore, in the ANT,
it has been deemed possible to analyze accounthep@mena focusing on actions of
measurements and calculations.

Inscriptions are the results of transformation bfexts of measurements into symbols
and numeric figures (Latour, 1999), and symboliaedors can, for example, be moved to
columns in an Excel spreadsheet for calculationkictv makes it possible to rearrange
their properties and to make inscriptions form khedge through their newly developed
relationships to affect other actors. That is, wkeeoertain phenomenon is translated into
inscriptions, these inscriptions generate a new wkedge, which may change their
relationships. When discussed in the context of MEF@e following sections will analyze
the way that what has been only abstractly graspetérms of resource productivity can

now be translated into numeric figures (inscripgpmn MFCA to form a new knowledge
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and the way the new knowledge will affect the peopbncerned and penetrate into the
organization.

The construction of inscriptions is also concernedh the relationship between
symbols and the objects of their reference as wm@id by the expression “how do we pack
the world into words” (Latour, 1999, p.24). That ie say, information indicated by
symbols should not be grasped as independent fhentdgnitive capacity of a person who
receives it but should be understood as a cognifraenework created by interactions
between a person who receives information and sysnpdlimer et al., 2009). Therefore,
it is important to understand the process of knalgke construction by following the trail
of actions of reference of objects by symbols.

When objects are transformed into symbols, they imcorporated into spaces that
measuring devices inhabit. Measuring devices suctva@ighing scales, tape measures, and
thermometers quantify the object, transforming pioperties into weight, length, and
temperature along with their respective scale foeasurement. In the same manner,
accounting methods transform the object along whkir predetermined rationality such as
labor productivity and resource productivity thatist in their behind. The action of
transforming the object into symbols in this manngrthe “way of keeping something
constant through a series of transformations” (Latol999, p.58), and the constancy
exists in the interior of the measuring device asaator.

This is one of the sources of the constructive rofemeasuring devices including
accounting. The process of quantifying the objeicbudtaneously defines the cognitive
framework of a user of the numeric figures to fooartain knowledge. Here lies the
significance of grasping accounting calculationsaasactor. Knowledge constructed with
accounting practice is interconnected with orgatimeal change and it facilitate
diversified organizational practices (Quattrone &apper, 2001).

In MFCA calculation, actual activities tinged witmateriality and specificity in
individual production processes are cut off frone thspect of physical quantity through
the use of a weighing scale and a surveying insémimand are expressed as inscriptions
while their original relationships are maintaindflviewed from the place where original
information existed, information can, once it haseb transformed into inscriptions, be
deemed to have been reduced in space, becauseirmaiptions could, for example, be
addressed at a meeting room away from the fact®hysical-quantity information is fitted
into the framework of MFCA and is summarized as aahce of input and output to
generate new inscriptions, which will, being acesptas a new knowledge by people

concerned, alter their understanding of the orgafndn.
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When inscriptions are thus connected to objectmeésurement, they are given specific
meanings to form certain knowledge. Moreover, thiecess of forming knowledge goes
on while affecting the interactions of actors. Urstanding this aspect is none other than
part of the organizational accounting practicesppsed by Hopwood. In the next section,
we will analyze through a review of specific casgbge way inscriptions generated by

MFCA create knowledge and affect actors.

Construction of local practical knowledge
1. Material Flow Cost Accounting (MFCA)

MFCA was originally developed in Germany and wagdduced to Japan in 2000; since
then, it has rapidly spread all over Japan withomsty support from the Ministry of
Economy, Trade and Industry (Nakajima and Kokub@Q&). After MFCA was deliberated
for ISO standardization as proposed by Japan,nitecto be issued in 2011 as ISO14051.

After introduction to Japan as a project of thenMiry of Economy, Trade and Industry
(Ministry of Economy, Trade and Industry, 2002), @& underwent a remarkable
development. It is defined as a “major tool formahting the costs of both the products
and waste resulting from the production of specifinds of products by tracing the
material flow throughout the corporate activities quantity and cost bases” (Nakajima
and Kokubu, 2008, p. 17) and has attracted attentas an important method of
environmental management accounting for achievingmpgatibility between the
environment and the economy in corporate activitieflse purpose of MFCA is to conduct
a proper calculation of the costs of waste, theadadm which are then used to provide
incentives for lessening the environmental loadwdang costs, and promoting
improvement activities (Kokubu, 2008).

MFCA is a new method that was developed throughbat2000s. Studies on it can be
divided into two groups: studies on problem solvimging its calculation techniques and
related development potential and case studiegsoifmplementation in corporations. The
former group of studies includes those on the posihg of MFCA as an accounting
system (Nakajima and Kokubu, 2003); those on thgeeixnental combination of methods
of measuring environmental impact, such as lifeleygssessment with MFCA, (Kokubu
and Shimogaki, 2008); those that discuss the pdgyilof using MFCA in supply-chain
management (Higashida, 2010); and those that déseffective MFCA systematization in
management (Nakajima, 2010). The other group of MFsase studies comprises theses
written primarily by businesspeople in large comptions that introduce success stories

about MFCA implementation in corporations such an@nh (Aki, 2007), Sekisui Chemical
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Co., Ltd. (Numata, 2007), Mitsubishi Tanabe Phar@arporation (Kono, 2007), and
Sanden (Saito, 2007). There are also a few caghestwon the implementation of MFCA in
small and medium businesses (SMBs) (Shimogaki, 2008

Thus, there have been many conventional studielglBGA’s calculation techniques and
on successful cases of its implementation, butvihg that MFCA has been understood and
disseminated across organizations in ever-changmggnizational practices has not been

fully discussed.

2. Case company

In this section, we descriptively analyze the ca§éMFCA implementation in Nippon
Denki Kagaku Co., Ltd. (NDK)'s FY2010 electrostattoating process, which involved
manufacturing electronic substrates and circuitrdeaNDK, with capital of 100 million
yen and 191 employees, had been selected as actodgenpany for the “Kyoto Study
Group for MFCA™ project to support MFCA activities from FY2008 Ex2010; MFCA
was introduced in three of NDK’s manufacturing peeses in Kyoto Prefecture.

NDK introduced MFCA in its precision sheet-metalopess in the first year of the
empirical trial project, in the chemical copper-ptay process in the second year, and in
the electrostatic coating process in the third y&iven the results of the first and second
years, the third year saw the understanding andedisnation of the calculation method
across the site as a particularly important issue.

The authors were involved in MFCA implementationNdDK for three years. For this
study, we notified the company of the purpose of participation as part of our action
research and supported their implementation of MF@A& advisers. The authors
participated in nine official company meetings,friNovember 2010 through March 2011.
Each meeting took two to three hours, and all nmtiwere tape-recorded and transcribed.
During our action research, we were authorized dmngccess to internal information as

needed, and these data have been used in our &alys

3. Implementation of the MFCA Project and their lplems
In this paper, we analyze the MFCA project in FY20However, before describing the
calculation activities as MFCA'’s process of knowdedconstruction, let us first establish

the issues we were aware of in the 2008 and 200€MPprojects and those of the MFCA

2 As one of the measures taken by local authoritdespread MFCA, Kyoto Industrial
Support Organization 21 supported the empiricalltproject implemented by the Kyoto
MFCA Study Group for three years beginning in FY80Throughout this project, MFCA
has been introduced at three NDK sites in Kyotoféuorire.
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implementation for the painting process, basedhlmnresults of the previous projects.

NDK introduce MFCA in its precision sheet-metal pess in 2008 and in its chemical
copper-plating process in 2009. Because in additmharge-item small-scale production,
the qualities and specifications of raw materiats e inputted are different among
products in the precision sheet-metal process MREA implementation focus in the first
year was on simplifying the method of grasping pfieysical quantities. In the second year,
because MFCA was being introduced in the chemioaber-plating process with chemical
reactions, we attempted to grasp the physical dtiaatthrough the verification of
long-term data by using both estimated and measuaddes. Thus, we tried to reduce the
company’'s MFCA implementation burden by simplifyinpe method of calculating
loss—for example, by narrowing the range of objetctsbe measured according to their
features and manufacturing processes.

At NDK, material loss had been calculated througl implementation of MFCA; thus,
the usefulness of MFCA as a tool for loss calcaathad been confirmed. However, in the
face of constraints such as fluctuations in the bemof orders received and customer
demand for quality requirements, insufficient lagsluction was achieved in FY2008 and
FY2009. In the implementation of MFCA in the elaxdtatic coating process for FY2010,
therefore, top management requested tangible imgmants. In addition, the vice-manager
of Quality Assurance Environment Management expgdsa strong demand for loss
reduction, saying, “We would like to carry througlll the projects to the very last to
achieve a reduction of loss.”

Furthermore, with weight placed on calculating lasghe MFCA implementation in the
first and second years, NDK gave top priority tanplifying calculation practices by
receiving support from external professionals arging calculation tools. It had been
pointed out that this policy had helped prevent tlaéculation principle from penetrating
throughout the organization. In fact, the vice-mg@asaid that “from the time we start to
collect data for the implementation of MFCA, we dee bear in mind the steps to follow
to improve advancements in visualization; if nole tvisualization of MFCA will go
forward alone with other things left behind.” Inhetr words, even when loss was
quantified, the data were not well connected toamigational practices.

Under these circumstances, MFCA was introducedhim électrostatic coating process
for FY2010. The process was carried out in the Ysima factory of NDK and was said to
have generated losses, particularly in paint anergyn Although it had been intuitively
understood that the painting process generates amatipely greater material loss, that

loss had not been specifically grasped in cost sertimus, improvement activities were not
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going forward® The painting line is composed of a number of peses, and MFCA was
implemented (as shown in Fig. 1) with a focus oe #tectrostatic coating and baking and
drying processes.

In the following section, we will first explain theelection of a measurement method as
the prerequisite for translation through MFCA amer conduct a descriptive analysis of
two activities as specific translation processég: ¢alculation of a material balance for the
quantification of paint deposition efficiency andhet analysis of film thickness in

visualizing the material modes.

4. Selection of a Measurement Method: Prerequifgitel ranslation

Not all of the paint sprayed in the electrostat@matng process is deposited over the
target’s surface; much of it dissipates in the adpteere. In addition, undeposited paint is
collected and precipitated in the water tank toduoe a large volume of sludgeater
scrapped as waste: “We see by intuition where wastggenerated, but we hesitate to take
action, being at a loss for what to do to reducest@d said the vice-manager of Quality
Assurance and Environmental Management. Thus, aghoit had been recognized that
waste was being generated, what was required teiddte the structure of waste
generation and improve it remained to be solved.

Therefore, in order to measure the amount of resowvraste, it was determined that we
should analyze the efficiency of the use of pamtthe electrostatic coating process by
using MFCA. It was regretted that in the previou®tMFCA projects, the visualization of
material loss did not lead to reductions in waStee vice-manager of Quality Assurance
and Environmental Management specified that, “Dsttauld be collected on the premise

that it will be used in the future for improvemeént.

Fig. 1 Flow Diagram of the Painting Line

The continuity of data collection and improvementigties was recognized as an issue
requiring solution. At the start of this project,was thought that one of the causes of the
gap generated between loss calculation and imprewtnactivities was the method of

collecting the material data. This also involvede tproblem of MFCA’s knowledge

® Because material loss in the painting process ngasgnized as an important object of
improvement, painting was suggested to be a caneifta MFCA implementation for the
first year. However, because priority was placedhat time on demonstrating the
visualization of material loss through MFCA, MFCéplementation was shelved because
its calculation of quantity was deemed too complex.
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construction. Therefore, in order to grasp as aemal flow the efficiency of paint coating
on item surfaces (i.e., how much of the paint sprhthrough the nozzle was coated on the
target surfaces), the calculation of the materialance and the analysis of the material
distribution were conducted in parallel.

The MFCA analysis was carried out in referenceht® $olid content of paint as the main
material. For the acquisition of material flow datmeasurements of the weights of
members before and after painting (quantifying #féiciency of paint deposition) and
measurements of the film thicknesses of the coataterial (analyzing film thickness) for
a prescribed number of products were taken. Infolewing section, through quantifying
the efficiency of paint deposition and analyzing ttoating thickness, we will analyze the
types of translations that MFCA performed and thedkof knowledge constructed by the

numeric figures (inscriptions) obtained through thenslations.

5. Quantification of the Efficiency of Paint Deptisn: Translation into Material Balance

The efficiency of paint deposition was calculated measuring the weights of the
materials before and after painting, thus measutiogy much of the inputted paint was
turned on products. In order to account for paiigpdrsed in the electrostatic coating
process in the framework of MFCA calculation, it svaecessary to translate the paint
deposited on materials and the paint absorbed tintowater tank as waste into positive
and negative products, respectively. This meang tha physical change in the paint
occurring in the field is translated by MFCA intonaaterial balance that can be shared by
users in a meeting room.

It was difficult to compare liquid poured into aray tank from an 18-liter metal can
with a thin coating film that can be seen only witifificulty on a metal surface. Six people
on the staff, including the vice-manager of Qualifssurance and Environmental
Management (a leading promoter of MFCA) and thehatg, gathered in the conference
room of NDK. The only navigational map we had was MFCA framework saying that
we should convert material flow into quantity angparate inputted material into positive
and negative products. In this process, metal platvé¢ various shapes, sizes, and
thicknesses were processed, and grasping theirrrahtéow required the conversion of
objects. Here, MFCA operated as an actor.

Viewing the process through the MFCA framework, frent as a positive product was
deposited as a thin coating film on the metal pdatend as a negative product, one part of
the paint was the sludge in the water tank, anotwas the solid matter stuck on the

interiors of the exhaust ducts, and still anothaswhe paint stuck on the wire used to hang
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metal plates. We had no choice but to give up dalgovaste as the quantitative object of
our measurement because it was almost impossibigetatify which part of liquid became
waste when it was sprayed. Therefore, we decidedaloulate the material balance by
comparing the inputted raw materials with the piegitproducts.

At that time, what appeared before us as the fitsdstion was whether we could know
the quantity of the thin coating films in thickness weight. The vice-manager of Quality
Assurance and Environmental Management noted tistilolution of thicknesses of the
coating films differed due to the distance from tbentral point. This did not mean,
however, that the chance to knowing the physicamiiies of the positive products was
totally closed. The nonuniformity of the coatindnis provided us with a chance to
understand the material flow in the electrostabating process in two different ways.

Accordingly, we attempted in parallel to measure thaterial balance by weight as well
as to grasp the material flow as the distributidrcoating thicknesse$.First, in order to
identify the correspondence between input and dytpee chose the same types of
products The weight of the paint on a metal pliateery slight; in order to equalize the
fractional errors for all the metal plates, the ghdis of the grouped parts before and after
painting were compared with each other.

As is the case with many companies that use MFQAneric figures for positive and
negative products became stronger substances irfiehee by being connected to more
actors (Latour, 1999). The three kinds of partsjohhare different in size and shape, can
be considered as actors here. In the electrostaiating process, painting was conducted
by using reciprocators. It was expected that theslmtio would change depending on the
size of each material. Measurements were condufotethe three kinds of members, all of
which were different in size and shape. The paeyakition efficiency ratios for the three
kinds of parts, in descending order of superficaaka size, were 33.2%, 25.67%, and
9.45%.

The results of our analysis, based on the comparaterial weights, are shown in the
table in Fig. 2: (1) the weights of materials bef@nd after painting, (2) the weight of the
paint inside the water tank before and after paigti(3) the weight of the solvent portion

in the water tank modified and summed up, and k) gaint deposition efficiency ratio.

Fig. 2 Measurement of Paint Deposition Efficiencgti® in the Painting Process

* With regard to analyses of specific cases, thitiea analyzes the measurement of the
material balance; in the next section, we analymedistribution of film thicknesses. This
does not mean there is a temporal order betweemmibenalyses. In fact, the analyses
were conducted in parallel while overlapping.
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These three different types of numeric figures dnscriptions resulting from
translations, from which new knowledge will begmmlie generated. These inscriptions, the
figures of which were different according to thees of parts, were projected on the
screen in NDK’s meeting room, which we were usirsgoair laboratory. Particles of paint
dispersed in the atmosphere in the work site weaesiated as a pattern of transition in
quantities. Thus, a visualized space was createsutfth which participants in the MFCA
meeting had to go in order to grasp resource proditg. As Latour (1999) points out,
multiple inscriptions, if superposed on one anothecrease the level of confidence much
more than a single inscription, and this was theechere.

At this stage, for the staff of NDK and us, thergaivas no longer a liquid dissolved in
thinner, nor a thin coating material on a metaltplalt was transformed into numeric
figures and points on a graph showing a patterpldiyged on the screen of a computer and
projected on the screen in the meeting room.

NDK staffs work with paint in the field every daldowever, the we are more familiar
with inscriptions of paint on an Excel spreadshd#en the they are. At this stage, the
network of relationships in the painting processwiaus transformed through MFCA. The
numeric figures on the Excel spreadsheet indicatetdjust the quantity of paint but also
the resource productivity within the MFCA framework

This translation enables us larger degree of freeddnlike changes in the paint used in
actual work in the field, the quantity of paint eputted material, positive products, and
negative products can be easily manipulated on aeEspreadsheet. With regard to the
numeric figures indicating the physical quantitieslated to paint as an object of
measurement, Fig. 3 shows how, when the paint dd@posratio is changed from the
current 30% to 50%, the quantity of paint changesoadingly. Likewise, a change in the
amount of money required can be converted intorgetiafor improvement activity in the

electrostatic coating process.

Fig. 3 Simulation of Improvement Effect in the Elexstatic Coating Process

Enjoying this degree of freedom in the use of thonaeeric figures in the meeting room
(or laboratory) was of cardinal importance to NDt#&f§ and us. The simulation did not just
evaluate the effect of loss improvement. It canoal®rm a new framework of
understanding at the local manufacturing site fribva viewpoint of a change of material

flow in the paint.In other words, the abstract concept of resouraapctivity was made
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knowable through an understanding of how numemgaifés can change and of the effect to
be expected by improving the numeric figures cadted as material loss.

By sharing paint as converted into symbols togetith the method of changing
material flow through increasing or decreasing mluieneric figures of loss on the screen in
the meeting room, the staff and we were able taelmacalculation-based attitude about
the material. In the process of adding an altenpagtern of paint to the outline map of
MFCA, indicating the inputs and outputs, the NDKaf§tcame to understand MFCA in
their own related processes. This implies a know&donstruction through MFCA and its

pervasiveness among its users.

6. Analysis of Film Thickness and Understandingtod Process: Translation of Modes of
Material

In parallel with grasping the material balance re fprocess by comparing the weights
of the materials before and after painting, we di$ed to understand the material flow in
the electrostatic coating process by analyzing fillmicknesses.The vice-manager of
Quality Assurance and Environmental Management &xgeld that film thicknesses were
different from each other. Unlike in plating prosésy, a simultaneous and uniform
processing of the surfaces of the metal plates &¢adt be obtained in the electrostatic
coating process.

Metal plates were carried from right to left by eeyors and were sprayed by paint
sprayers moving up and down by reciprocators. Pajetted from the nozzle heads spread
in a radial pattern; when the target distance giragimately ten or more centimeters was
reached, the distribution of paint seemed to becgmraalually thinner from the center to
the periphery. At the same time, paint was attrddtethe sides of the electricized parts.

The other goal of our evaluation of the change @ftenial in the electrostatic coating
process was to convert the spatially complex movenad material into inscriptions of
numeric figures, the purpose of which was to untierd material loss from the viewpoint
of film thickness. As in our analysis of the retaiship between positive and negative
products by weight, film on the surfaces of membews a positive product, and paint
dispersed into the atmosphere was a negative ptoduc

We have so far learned the balance of positive reghative products through variations
in weight, but we have also analyzed why matergesl occurred. We no longer need to
know the volume of all positive products, nor do weed to pay any attention to the
relationship between paint coated on the plate laoudd paint in the tank. Our attention

has been attracted to spatial modes of paint dverbrief period of time from the spray of
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the paint from the nozzle to partial paint depasition the parts surfaces or paint
dispersion into the atmosphere.

First, sprayed paint was translated as the distidouof its coating thicknesses. The
sample plate onto which paint was sprayed overstiréace in a radial pattern was used as
a sample of the distribution of paint. The paintesped plate was carried into the meeting
room, and the graph of the distribution of filmdkhesses (see Fig. 4) was displayed there
as well. Paint spread all over sample plates inadial pattern, converted into film
thicknesses, provided us with new guidelines fa évaluation of material flow. Two line
graphs of film-thickness distributions in verticahd horizontal directions showed angled
forms with the highest values at the center, stdhjcreflecting the trend of film thickness.

Here, however, the fluctuating thicknesses of pdilm were not taken as the problem
in themselves. Inscriptions of the film thicknesgese Fig. 4) were confined to a specific
phenomenon of paint dispersion on the plane surfdtereby separating the movement of
paint ejected from the spray nozzle from the flofstime and reducing the space from the
three- to the two-dimensional. By setting up theubdary from which film thicknesses
formed by sprayed paint could be seen as outsidsetastandard, a range indicating
numerical distances from the center where the agaeipt functioned effectively was
defined. Then, by overlapping this range with ththews two-dimensional space—the
broader range within which the paint was sprayedh®y equipment—modes of paint that
were seemingly complex as inscriptions displayedtloe screen were conveyed into the
laboratory room. This was the very moment when tther framework for grasping
material flow was formed. Here, in the same wayf@snerly, we superimposed a plural
number of inscriptions to form a framework for umstanding. This framework for
understanding was formed by MFCA, the knowledge sfaared by people concerned, and
measures for improvement came to be considered.

The range over which the paint was sprayed had hbBdtarmined by the size of the
inputted parts and the marginal area set up forageipment. To be more specific, the
spray area was known by the size of the memberréscted by a sensor and the degrees of
the margins set up in the vertical and horizontaéckions. One degree of the scale equals
5 c¢m; if margins of four degrees are set up in edichction and a 30-cm side (900 Hnof
the member is selected, then paint is sprayed wishiange of 70 cm x 70 cm (4,900 9m
This means that paint is sprayed over an area riwe five times larger than the surface
area of the member. This overspraying should rexeispecial attention when
improvements are sought.

NDK followed the margin degrees recommended by iieeker at the time when the
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equipment was introduced. By looking at the prociesshe realm of calculations with
attention focused on the material, we were ableutwerstand the process from the
viewpoint of resource productivity, thereby triggegy improvements in conventional

practices.

Fig. 4 Analysis of Paint Film Distribution

Epilogue: behavioral changesin thefield

As regards information on resource productivity tthas been shown through MFCA
analysis, its feasibility for improving the prodimt process has been investigated in
consideration of constraints other than resourcamagement issues. Among the issues
discussed from various angles were those on theatijp@ status of the belt conveyor as
production management activities, the method ofli@ppion of paint by the spray heads as
quality assurance, and thermal energy in the dryfoghace and paint features as
production technology. For issues that could nosbkved only by management resources
within the company, a consultant on painting tedbgyg was invited to carry out an
analysis of the process.

A solution with the highest feasibility is an integent in spray-coating equipment,
because one of the technological issues that theswtant pointed out was that the
electrostatic three-dimensional painting equipmeid not function properly. Because
electrostatic painting was originally expected, thdra amount of paint to be sprayed was
set and actually applied. However, this part oktbore technology barely functioned at all.
Therefore, it was the case that resource produgtiwias translated from the analytical
issue of modes of painting to the issue of equiptmen

Although this issue is insoluble by on-site manageatactivities such as production and
guality management and production technology, tite smanager and the manager in
charge of environmental conservation are tryindgino a solution to the issue by accessing
equipment makers to collect general and technolaggrmation for analysis. As is
suggested in discussions of MFCA in other compar(idakajima and Kokubu, 2008;
Kokubu and Kitada, 2012), the cognitive framewodk fesource productivity of MFCA
presenting issues beyond the scope of on-site kgsimmanagement has come to generate

autonomous activities among the managers of NDK.

Discussions

The process of knowledge construction in the cdsklIlECA implementation at NDK as
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shown in the preceding section can be made clearatore by focusing on the diversity
and uniformity generated by calculations. Firsgnfr the viewpoint of diversity, MFCA is
a mechanism to evaluate productivity based on tasidbframework of analysis of the
relationship between the input and output of maiesrti As was seen in the case of the
electrostatic painting process, MFCA attempts taggate numeric figures reflecting local
relationships in practical situations to accordingbnstruct knowledge.

Practices of calculations as knowledge for a bettederstanding of the local situation
have given power to lower managers. Knowledge gateer just by superposing
inscriptions created a center of calculation (Latoli987) in the NDK meeting room,
empowering managers as well as enabling autonoraotigities as the center of discretion
(Munro, 1999).

Thus, the implementation of the new accounting roadths the practice of measurements
and calculations can be interpreted as a transfoomaf power relations. By converting
the matter of introduction of a tool into the matief knowledge/power construction or
alteration, accounting need not continue to be te@aas knowledge and technology
accompanying the delegation of authority in the teah of empowerment, and accounting
practices need not be kept buried in the conceptpafrticipation” for adjustment of
psychological aspects. From this, the process op@merment that calculations possess
was made apparent.

On the other hand, the technology for measuremeamid calculations has affected
organizational management through empowerment ftbe aspect of the uniformity
inherent in itself as well. Practical knowledge Ibuip as an actor world of accounting
systems such as MFCA (Quattrone, 2009) is itsaléiication of the concept of resource
productivity that MFCA includes in its program ardearly shows the direction for
organizational control. In actuality, institutionaspects to enable organization and
individual behaviors suited to accomplishing endsédrbeen formed not as communication

in the forms of slogans and support but as ratibpah the calculation program.

Summary

In this study, we have clarified the process of stomcting the cognitive framework of
accounting numerical figures together with accongtias a local practical knowledge
through analyzing the case of MFCA implementation NDK. This implementation
process can be seen as a scheme of empowermeatganization members’ autonomous
behavior, but enabling practices in compliance wetivironmental conservation at local

sites is not its sole function. Practices can bey\a each local site but at the same time be
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uniform in space because of the action of the selitrolling aspect (Power, 2007)
inherent in such a management program as accounigattrone, 2009). Through
adaptation to local conditions, measurers come ¢oable to gain specific practical
knowledge, and, in addition, conformity ensuresteygsperformance.

In this paper, the following two points have becoapparent through our analysis. First,
this study shows that the technology of calculatearables the construction of localized
practical knowledge by setting up objects of meaments and calculations dexterously.
Rather than taking the dichotomous worldview of hiealogical practice and social
practice, we grasped the implementation of MFCAadield of knowledge formation in the
actor world created by measurement and calculapicactices. Second, as a result, this
study also shows that embedding calculating prastiovithin management system
programs can have an effect of empowerment. Locaiwkedge that was generated for
each diverse context created power for autonomauimres, and at the same time, the
aspect of uniformity of calculation inherent in tlpeogram acted for the control of the
organization.

The contributions of this paper can be summarizedhie following two points. First,
this paper clarifies the organizational proceskwédwledge-power, which is created with
measuring and calculating. In conventional studiesaccounting and knowledge-power, a
calculative device is embedded in the social relship between the surveillant and the
governed person and is enclosed in the web of adedility; on the other hand, in this
paper, by focusing on the interrelationship betw#encalculable object and the measurer,
we view accounting-as-a-calculation-device as ohe¢he actors forming the network of
knowledge-powerrelationship. Second, we have shown the procesgeohnological
empowermentConventional studies on empowerment discuss teduyiohl empowerment
from the viewpoints of social structure and psydtl. In contrast, by paying attention to
measuring and calculating practice, we have shawnhis study, a form of empowerment
in which the technology of calculation itself dedim a creation of knowledge to enable a
change in the power relation without a grasp of knewledge and skill that would come
with the delegation of power. At the same time, me@aments and calculations, which had
been conventionally overlooked and embedded inpiteeess of participation, have been
re-evaluated in terms of organizational meaninghigir practices.

Finally, let us refer to the following two pointss dimitations of our analysis in this
paper. One is that the setting condition of ourlgsia was too narrow. If we had selected
cases in which we could discuss the dexterity atisg the objects of calculation in

consideration of organizational contexts and thiatrenship between social context and
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focus on the environment, we would be able to analthe cases along more dimensions.
The other is that it will be necessary to carefutgnsider whether the metaphor of
knowledge that reflects the steadiness and cortynnherent in the measuring equipment

appropriate for scientific and explicit knowledgevalid in the context of empowerment.
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Preprocess
(chemical conversion film generation)
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Electrostatic painting for undercoating

Baking and drying
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(Prepared by the authors)

Fig. 2 Measurement of Paint Deposition Efficiencgt® in the Painting Process
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Before painting After painting I_ Total weight of paint film for 18 units 0.040kg
9.070 9.090 Weight of paint used 0.000kg
9.070 9.090 Involatile portion in raw paint 7.887kg
9.035 9.065 NV value of used paint 39%
9.055 9.070
AE25 4-545
[ 40.755kg 40.880kg J
@ |
Weight of paint before use™ | 9.224kg ™ @
Weight of paint after use | 7.984ke ! Paint deposition rate =0.125--0.478 X 100= 25.67%

(Partly modified by the authors based on intern@tuwments of Nippon Denki Kagaku)

Fig. 3 Simulation of Improvement Effect in the Efexstatic Coating Process

In case of 30% Improvement to 50%
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(Prepared by the authors)

Fig. 4 Analysis of Paint Film Distribution
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