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Abstract

Communities of practicis a conception for describing social
aspects of organizational units. Interactions actbe boundaries
of these are achieved by means of artifacts andipes. The
convergence of information artifacts and the comitgunis
intended for is a process of negotiation and adjast of both.
Shared information systems are boundary objectffer great
potential for effective boundary spanning. Thisgragiocuments
an action research study for development, impleatemt and
evaluation of design principles for enabling thexsergence of
practices. The results supported that implememtatiadhe
principles of transparency and of defragmentativetoée the
convergence of practices.

Keywords: Communities of Practice, Boundary Spanning, Convergence of
Practices, Design Oriented Action Research.
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1 Introduction

Information artifacts are constitutive of commuedtiof practice which in turn
generate information artifacts as a consequenteeofpractice (Star et al., 2003,
Wenger 1998). Information artifacts build commuastof practice and
communities of practice build information artifacBar et al. (2003) label this
process of dual buildugonvergenceln analogy, the opposite is labeled
divergence

IT artifacts, or "those bundles of material andtardl properties packaged in
some socially recognizable form such as hardwadéoasoftware” (Orlikowski
& lacono, 2001) are to an increasingly large extlaveloped to support activities
of several communities of practice (Pawlowski et2000, Wenger 1998). An IT
artifact in the form of a shared information systaects as a boundary object (Star
& Griesmer, 1989, Wenger 1998). Whether a sharstésyis a simple
information repository or an ERP system supporéidganced collaboration
processes, the performance of the communitiesaattioe, both viewed as
separate or as a collective, is directly dependerhe convergence of the
communities of practice and the system. Well-desigmoundary objects embody
the alignment of perspectives of the communitiegrattice on each side of the
boundaries the objects are to support spanning §é&rei998). This alignment is
a product of negotiations between the communitiggactice and is yet another
form of convergencehe convergence of practices

Action research has its origin in the work of Lei®46) and action research
methods have been utilized for information systessgarch since the mid 1970’s
(Baskerville & Wood-Harper, 1998). One reason Fa popularity of action
research in information systems research is ttaainis to contribute to both
researchers’ and practitioners’ interests by irgetion in a situation found
problematic by the client organization. This iseofthe case when it comes to
development of an information system for reseaeasons. The most well known
incarnation of the intervention oriented researatagdigm is the canonical action
research method (Susman & Evered, 1978, Davisah,&004). Cole et al.
(2005) suggest that for information systems resgdhe action research
paradigm could benefit from adopting the prototgpapproach found in the
design research paradigm. This approach have ligigediin studies by
Henfridsson & Lindgren (2005) and Lindgren et &1¢2) and have been labeled
design oriented action research

For our master thesis, we were invited to collateovéth Volvo Information
Technology (VIT) Tech Watch & Business Innovatidi] SPRINT (PRoduction
INTegration System) Department and Volvo Truckspooation’s (VTC) Tuve
Plant on a prototype project. The Volvo Group’s aiith the prototype was to
evaluate different computer hardware setups arghdgral user interfaces for
presenting assembly instructions at the Tuve plathit respect to information
ergonomics. Today the assembly instructions ateluliged to the assembly
operators as printouts from the SPRINT system. & peimtouts are prepared by
the production engineers. The assembly instrudtiontions as a boundary object



between the community of practice of assembly dpesand the community of
practice of production engineers.

The research purpose of this study is to explove the design of a shared
information system can improve the convergencaadtres. To examine this
and simultaneously contribute to the Volvo Groupectives we decided to
conduct our thesis study as a design orientedrantigearch project. The main
research questions for this paper are

1. What properties of the design of a shared inforomaslystem enable
improved convergence of practices?

2. How can these properties be translated into gedesgn principles for
guiding the construction of shared information eyst for convergence
of practices?

This introduction is followed by an account for fhierature study that
accompanied the action research study (sectiolm@ory). Then we present
action research in general and the canonical aot®®arch method in particular
(section 3: Method). In section 4 we present tiseaech context at Volvo IT and
Volvo Trucks and in section 5 we reveal the docuiaon of the action research
cycle we finished during the project. Finally (sent6: Conclusions and section
7: Discussion) we present the conclusions fronsthdy and discuss the
contribution to the knowledge of the Volvo Grouplant the information systems
research domain.



2 Theory

Where otherwise not noted, this section is an agcfmr the theory described
in Etienne Wenger’s book Communities of Practi@98g).

Etienne Wenger (Web) describes the concept of camties of practice (CoP)
on his web page:

Communities of practice are groups of people wlaresla concern or a
passion for something they do and learn how ta thetiter as they
interact regularly.

The concept is applicable to a variety of sociaugs, e.g., the family, the
personnel of an office, the managers of offices @aompany, a band of musicians,
etc. Though not all communities are CoP, theretbvéde a shared enterprise and a
collective learning process for the term to bevafs. An organization may be
viewed as a collective of communities rather thaoliective of individuals
(Brown & Duguid, 1991). The knowledge of a CoPnsbedded in the practice of
the community and the conception is valuable totize the concept of tacit
knowledge. Wenger describes what constitutes the cocept as a wide range
of explanatory sub-concepts suchpaactice, meaning, community, identification,
learning, boundary, locality, membership, partidipa, belonging and
negotiability, etc.We will give a brief account for these below b kegin with
categorizations of knowledge that will be used tigtoout the text.

2.1 Knowledge

Throughout the literature the concept of knowledggivided into two general
categoriestacit andexplicit (Polanyi, 1967)know-howandknow-that(Ryle,
1949) orknow-howandknow-what (Brown & Duguid, 1998), stickyon Hippel,
1994) andeaky(Libeskind, 1996)Tacit knowledge, is something that we
“cannot write down” (Polanyi, 1967:) . This is redd to experience and know-
how and could be explained like know-what put iptactice. Explicit, leaky or
know-that/what knowledge is knowledge you can wiidg/n and is hence easy to
distribute. The technical ease of distribution nsaikémportant to knowledge
intensive companies to keep track of their leakyvkiedge assets. It could be
patents that need to be kept secret, or plangfraing staff numbers. Know-
how, or tacit knowledge is embedded in the praaifdtie knower and this makes
it harder to distribute and/or easier to protect.



2.2 Practice

Practice theory focuses on activities in a hisarand social context that gives
structure and meaning to these (Wenger, 1998)clades both explicit and tacit
elements of language, roles, tools, categorizatimasstandards, conventions,
intuitions, shared world-views and underlying asptiams that are present among
the practitioners. Below is a brief account for to@cepts that are essential to
practice theory.

2.2.1 Meaning

This is a conception for how the individual andeciive experience their
existence as meaningful. The negotiation of mearsirgcontinuous and dynamic
process that builds on the history of the collextwnd its members.

2.2.2 Participation

In CoP theory participation is regarded as to sharactivity with others. The
partaking in a collective enterprise implies a sepismutuality. The participants
have a mutual recognition of themselves in thei@pents and there is a notion of
collective identity. The act of participation shapke experience of the individual
as well as it shapes the community. The membeggmence of meaning is
shaped by the participation in a broad sense.

2.2.3 Reification

This term means treating an abstraction as if revem object, e.g., “the
evolution has determined that we have less bodytihan the apes” as if the
evolution were an a priori determinant processemdtof a random process of
mutations. It is used to contrast participatiortmiiie concretization of knowledge
into routines, documented processes, abstracttimalsnvey meaning such as a
recipe or a law, etc. It is not unusual that raiiecn comes from without the
community with intention to influence the practifethe CoP. To make
generalizations and classify entities is to makigcegions. A reification is an
attempt to concretize a phenomenon in the CoFnténded for. The attempt of
objectification of abstract phenomena can expodaguity in experience of
meaning and the process of reification of pradtickudes a great part of
negotiation of meaning.

2.2.4 The Duality of Reification and Participation

The concepts of participation and reification aseplementary and cannot be
regarded in isolation from each other. The lawisripreted by a judge, a cook
makes food from a recipe. The potential stiffnefsidication could be relieved
by participation, the potential informal loosenegparticipation can be
constricted by reification. The two have to be hakd. If important procedures



are left unreified, it might lead to ambiguity adtifficulties with coordination of
the community. If everything is reified and the ogpnities for the members of
the community to share experiences and interadtraited, then the negotiation
of meaning stagnates and the reifications lose tduginection to the practice. To
avoid misunderstandings though, it should be pdiotg that participation is not
plain tacit knowledge, it involves actions like ¥ensation, communicating and
reflection which is a form of negotiation. Reifizat is on the other hand not
necessarily purely explicit written statementskalds of artifacts or rules could
be used to reify a conceptual meaning.

2.3 Community

Wenger (1998) associates practice and communibygfir three dimensions,
mutual engagement, a joint enterprise and a shaepértoire.The CoP includes
the members of a specific practice. An agent isenodten the member of several
CoPs, e.g., the IT professional is a member o of IT professional and
simultaneously of the CoP of his work place.

2.3.1 Mutual Engagement

The meaning of the activities that the participaritthe CoP engage in is under
constant negotiation. This meaning is relying anphst and the current practice
and reifications. The setting for the CoP is areesal factor in the mutual
engagement. It could be the common workplace, #mel's rehearsal studio (or
garage), the family’s joint meals, etc. To underdtthe social codes and to be
included in the community is a prerequisite to nality. The mutual engagement
in the practice of the CoP is what creates thdiogiships that glue the
community together. There is no implication of darty of personality or skills
of the members of the community, on the contrgrgcgalization and diversity of
skills is what makes the community as a whole @ngfrunit.

2.3.2 Joint Enterprise

The negotiation of a joint enterprise is anothemrse of community coherence.
It is the result of the mutual engagement and ita@tson of the CoP. At the
workplace a joint enterprise may be to earn asvaiges as possible, or to work as
fast as possible to be able to leave early. Pen@pletors and institutions may try
to influence the joint enterprise by efforts degigmo control the CoP. The CoP
exists in a larger context and the enterprise isfdteates limits for how the CoP
can pursue and negotiate theirs. By being pati@hegotiation of the joint
enterprise, the members of the CoP develop retdmutual accountability.
These include what is important and why it is intgaot, what to pay attention to
and what to ignore, whether actions and artifactssaitable to the community
and the practice or not, and when they need tanpeaved. Sometimes the



relations of mutual accountability become reifisdales and policies, etc., but
those that do not are no less important.

2.3.3 Shared Repertoire

Routines, words, tools, stories, gestures, symbtassifications, actions, etc.,
are examples of concepts that the CoP producedopt ghroughout its existence.
The concepts have specific meanings to the menalmershese might be quite
different from the labels they get. The shared mege reflects a history of the
mutual engagement and act as a framework for thetia¢ion of meaning.

2.4 Learning

There is an important temporal aspect to the enxcgt®f a CoP. Wenger
describes the temporal aspect as “... a matter ¢disirsg enough mutual
engagement in pursuing a joint enterprise togethshare some significant
learning” (1998, p 86).

2.4.1 History Embedded in Participation and Reification

Reification and participation converge or divergeelation to each other over
time. This comes from the fact that they existangtlel and are compared in
moments of negotiation of meaning. Besides thesaents they are not
synchronized. The members of CoPs invest in wiegt tlo, in each other and in
their shared history while sustaining their praetithe identities of the members
become closely related to each other. Furthermofs@nvest in reification. It
can be easier to submit to an established reificdtian to change it, e.g., the
QWERTY keyboard and the resistance to the metstesy in the USA (Wenger,
1998, p. 89) .

2.4.2 Histories of Learning

Because the environment is ever changing, the Qaf? twne its practice
accordingly. The flux of members in a community émel changing context
creates a discontinuity in the field of practice tihe same time, the investment
made in practice and reification provides stab#ity resilience to changes.

2.5 Politics

What influences the practices of CoPs can be suimethas cultural, social and
symbolic capital (Bourdieu, 1977). Personal autiionepotism, trust, friendship,
ambition, etc., is the means and the driver behfidencing the practices. The
politics of reification could be exemplified by lawpolicies, statistics, designs,



etc. However, the meaning of participative andcative attempts to influence
the practice is always negotiated by the CoP andénthe outcomes of such
attempts are always unpredictable.

2.6 Boundaries between Communities of Practice

In the theory of CoP the institutional boundariesndt necessarily coincide
with the boundaries between CoPs. The members@mdembers of a CoP
depend on the practice, negotiation of meaninguaigngagement, joint
enterprise, shared repertoire, etc., of the CoRo doncepts come into focus
here,boundary objectandbrokering. These will be explained in further detail
below. The boundary object in CoP is viewed asfeca¢ion of practice that is
designed for communication and collaboration acbmgsdaries of practice, it
could be an information artifact such as a formaminformation system, or any
other reificative object that is designed for boamydspanning purposes.
Connecting communities by standardized artifactsway to create possibilities
for coordination without connection of practiceoBering practices includes
translation between the involved CoPs perspectwesis, in contrast to boundary
objects, practice based. Brokering and boundarmgatdjhave the same roles in
boundary bridging as in the temporal dimensioreafting histories, the rigidity
of reificative boundary objects can be translatedss boundaries of CoPs
(instead of across a temporal continuum in theohiest of learning) and the
looseness of practice can be solidified by reiftrat

2.6.1 Reificative Connections

The lack of spatiotemporal restrictions makes thnolary object appealing to
boundary spanning. Nevertheless, there are inhbnatdtions in an artifact when
it comes to creating a channel for coordinatiomsgiboundaries. The
interpretation of the meaning that the object sigiged to convey cannot be
predicted and this ambiguity makes it risky to retyboundary objects alone for
boundary spanning. Nevertheless, the rigidity matkesssible to create
continuity across boundaries.

2.6.2 Participative Connections

The brokering practices rely on the involvemenindividuals to make possible
the connection between CoPs. This participatiantakaction gives opportunity
for negotiation of meaning across boundaries. Haneahere are problems rising
from the partiality of participation. A represemtat of the CoP in form of one or
a few members cannot fully represent the CoP. Blgaitive limitations make it
unlikely that a representational group can keemimd all aspects of the practice
or act as if they were in the context of their picec



2.6.3 Practice as Connection

Wenger differentiate between three categories aétme-based connections
between communitieboundary practices, overladperipheries Boundary
practices occur when some kind of working teanorsied with members from
several CoPs with the task to establish a conneeiooss the boundaries. If the
team is working routinely and is opening a charimemutual engagement, a
practice will probably take shape. Its enterprsstwideal with brokering between
practices and these are common in organizatiogs,ceoss-functional teams. The
boundary practice uses both participation andaaifon and thus escapes the trap
of isolated boundary objects or practices. The aisthe boundary practice is that
it may create its own boundary and become discaaddmom the practices it is
supposed to connect.

The overlapping connection emerges when some menoberCoP are
simultaneously members of a CoP that have a jaintadn of practice. This could
be technical specialists located at a factory site.

Some CoPs open up their boundary to nonmembersadiimeembers get
access to a subset of the practice and can comitadhe CoP through their
peripheral participation. The position in the phgpy is part inside, part outside
the boundary and can be a very effective zonedonecting with the
environment.

2.7 Boundary Spanning

An organizational unit utilizes the concept of bdary spanning to create a
connection between the unit and its environmernty&en member and
nonmembers (Thompson, 1962). The object of bounsi@aynning could be to
expand the knowledge of the community by acquikingw knowledge form
without the boundary or to relate the activitieshaf community to the
environment. When adopting the view of Brown & Dith(11991), that the
organization could be regarded as a collectivea®<; the mediation and
translations between the practices of these neeqtiain of their own.

Aldrich & Herker (1977) identifies two classeshmfundary spanning roles,
information processingndexternal representationThe former is dealing with
filtering to avoid an information overload withihg boundary, similar to the
gatekeeper role as described by Tushman (197i8)h&nce a boundary spanning
role for managing the incoming information trangaws. The latter describes the
interface for the interaction with the environmeéengpical external representation
tasks are matching the environment by managingetheurces available through
differentiation, etc., to exert influence on elensein the environment to make
them fit the organization's demands or to simplycivahe environment to look
after the organizations position (Aldrich & Herk&g77). Tushman identifies the



organizational liaisoras an integrating role whose task is to trangate/een
organizational units. This leads us to the boungaagtice of brokering.

2.7.1 Brokering

Brokering is the practice of translating acrossrutaries to facilitate boundary
spanning. This practice is often grounded in a nmegstbp in multiple practices.
The job of a manager, human resource person ordfegsional often involves
spanning multiple boundaries and coordinating tedimg) between and aligning
the perspectives of several communities (Wengd&81Both reificative objects
and participation are instruments for brokeringcpcgs. Brokering could be
conducted by person or incorporated in dynamicaibjsuch as shared
information systems (Pawlowski et al., 2000).

2.7.2 Boundary Objects
In 1989 Star & Griesmer coined the teBoundary Object.

Boundary objects are objects which are both plastiough to adapt to local
needs and the constraints of the several partigd@rimg them, yet robust
enough to maintain a common identity across sites
(Star & Griesmer, 1989)

The term is used to describe artifacts that ard tmeboundary spanning
practices. Star & Griesmer discusses four categafiboundary objects,

1. Repositories, these are indexed collections of items. Thesaaaéable
for use without the need to negotiate meaningartgerve multiple
perspectives in a modular way.

2. ldeal Type, a generalized and possibly vague representdtairhas its
strength in that it is abstract and symbolical. Tdok of specialization
makes it a ‘good enough’ road map to convey conagepiacross
boundaries.

3. Coincident Boundaries, objects that have the same boundary but
different internal content, e.g., geographic orgbgl boundaries such as
buildings.

4. Standardized Forms, these conceptualize work procedures and
information that facilitate activities across boarids.



Organization-wide systems that are designed to@tpipe organizational sub
units are good examples of boundary objects. Allahove categories could be
present in such a system, e.g., an ERP system.

2.7.3 Brokers-in-Practice and Boundary Objects-in-Use

According to Levina & Vaast (2005), the roles ofibdary spanners/brokers
are often spread out on several individuals todeonflicting interests and
perspectives. Sometimes boundary spanners emexigie tiot designated the
role. Levina & Vaast (2005) introduces the temasninated boundary spanners
andboundary spanners-in-practi¢e illuminate the difference between the two
brokering roles. Levina & Vaast identifies three@egsary conditions for an agent
to become a boundary spanner-in-practice.

1. The agent needs to become a participant in theipeadhat is to be
connected. To be able to negotiate the relatiowds the practices and
thus at least a peripheral membership of the Coleadsssary.

2. The mandate from the CoPs to negotiate the rekatibims could be
enhanced by nomination from institutional authodtyemerge over time.

3. Personal motivation. Rewards in the shape of ecaansymbolic and
social capital, e.g., promotion and money, actrasnd) forces for
individuals to engage in boundary spanning. Indigiccompetencies in
the practices or in boundary spanning as suchlsoedaterminant for who
becomes a boundary spanner-in-practice.

In congruence with the line of argument above disénction between
designated boundary objects and artifacts thatgeseas boundary objects are
labeleddesignated boundary objea@sdboundary objects-in-us&xamples of
designated boundary objects that do not becomedaoymbjects-in-use are the
implementation of systems that on the contrary h&@dgeinforce the boundaries
(Goodman & Darr, 1998).

2.8 Convergence of Boundary Objects and CoPs

The incentive for the reification of a practicéasconserve or add structure.
When this is done in the form of an artifact itegevant to discuss the success of
the reification in terms of convergence and trarspey. The artifact could be
considered transparent if it fits and supportspitaetice in an indiscernible way.
This is one of two conceptions of transparency wkutilize throughout our
work, a tool is transparent if it is a supportiragtgn the practice for whom it is
designed. The other is the transparency of ressuncie aspect of disclosure of
information. The convergence of practice and artifsa prerequisite for
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transparency. If a tool diverges from its practicgill be obstructive and hence
cannot be invisibly usable, transparent. Boundajgais are typical reifications
of practice. The complexity of the task of spanrdegindaries of several
communities makes the design much more difficutir 8t al. (2003) bring forth
the more abstract conception of convergence orgiaree betweesocial worlds
and the correspondingformation worldand stresses that the convergence is
dependent on the adjustment of both worlds to aszdhe fit. In the case of
convergence between a shared artifact such agedsinformation system, and
several CoPs, negotiation between the perspeaiivibe corresponding social
worlds and the information world becomes critical ¢onvergence.

2.8.1 Multiple CoPs and Shared Information Systems as
Boundary Object
When multiple CoPs are in need of coordinatingrtheactices there need to be
overlaps in the information worlds of these. Thawvargence is accordingly of a
different complexity than if considering the boundbetween two practices. To
achieve transparency for all agents in the joifdarimation world there has to be
balanced reifications in form of artifacts and asftructure.

2.9 Summary
Below is a summary of the central findings from bigrature study.

= An organization may be viewed as a collective oP€ instead of as a
collective of individuals.

= A CoP has its own set of conceptions, ways of camigation, world
view, definition of their enterprise and apprehensf this as meaningful.
All these components are under continual negotiatio

=The practice of a CoP unfolds and is being maiethimrough
participation and reification.

=Boundary spanning is the mediation across the banyraetween
organizational units, or communities of practice.

= Boundary spanning can be facilitated by brokereng,, active
involvement from individuals or delegations, ortiundary objects.
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= Boundary objects facilitate boundary spanningugtomodularity,
abstraction, accommodation or standardizationthke characteristics
could be embedded in shared information systems.

» Designated boundary spanners do not necessadtyrieeboundary
spanners-in-practice and designated boundary shgechot necessarily
become boundary objects-in-use.

= Convergence between social worlds/CoPs and thenmaition
worlds/reifications assigned to support them isethelent on the
adjustment of both practice and artifact.

=The construction of boundary objects to enable ecgence between
several CoPs is a complex task that involves miedidtetween several
perspectives.
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3 Method

In this section we describe scientific considenatidhe course of action,
methods and techniques used for the study.

Considering our partaking in the development ofgretotype and our
intentions to both contribute to the Volvo Groukwledge and to conduct
academic research for our master thesis projectiegeled to base our study on
the canonical action research method, as desdop&ilisman & Evered (1978).
Furthermore we adopted the design oriented apprieattion research as
suggested by Cole et al. (2005). This was chosen & vast range of intervention
oriented methods for information systems resedesKerville & Wood-Harper,
1998) such as Multiview (Avison & Wood-Harper, 192d Soft Systems
Methodology (Checkland, 1981). The canonical actesearch method ensures
the theoretical rigor and practical relevance. \&fe the evaluating principles
suggested by Davison et al. (2004). Throughouptper, we will refer to our
method as canonical action research and CAR iraeggably.

3.1 Course of Action

Our study consisted of one cycle in the canonicaba research method
(Susman & Evered, 1978, Davison et al., 2004)ll|rfige distinctive steps (c.f.
figure 1). Each step contains elements of iterafrRanticularly the action
planning, action taking and evaluation phases webgect to iteration during the
prototype run in order to introduce concepts tlaae out of the continuous
evaluation during the prototype run. The arrow fritv@ last to the second step in
the figure below points to the iterative charactethe action research method in
general. In conjunction with the action researciigiwe conducted a literature
study to build a theoretical framework and to syrpaor research on subjects
adjoining ours.

Litterature Study

Diagnosis Actit_}n Acti_on Evaluation Specif_ying
Planning Taking learning

Figure 1: Course of action
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3.2 Action research

There are two opposite philosophies of sciencepaositivism and
hermeneutics (Dahlbom & Mathiassen, 1995), alsledadositivism and social
constructionism (Easterby-Smith et al., 2002) geciivism and subjectivism
(Backman, 1998). As Backman’s terms imply the défece between the
philosophical world views lies in the perspectiakdn on the research area.
Objectivist tradition puts the researcher as aadtetd observer outside a more or
less objective world of observable objects and phema. Explanation and
prediction are the focuses of the positivist triadiand this should take shape of
cause-and-effect connections produced by dedu@@ahlbom & Mathiassen,
1995). Subjectivist tradition does not focus onseaand-effect relations and
testing of hypotheses and states that there isictothing as an external and
objective reality. Hypothesis construction basediata, qualitative analysis,
interpretation and that the world is a social carcdton are themes of
subjectivism. Most scientific research methodsrenteclearly cut positivist or
objectivist but falls somewhere in between. Canalraction research is not an
exception. The fact that the researcher joinsenptfoblem solving makes it
impossible to be objective about the findings. §heunded theory method
(Strauss & Corbin, 1998), from which we borrow teicjues to a certain extent
for data coding, is a typical inductive qualitatimethod that is used for
developing theory from coding and interpreting afad On the other hand, the
experimental setup with evaluation of implementatd design principles
reminds of positivist deductive methods.

Action research has its origins in social sciencdbe 1940’s and the term was
first coined in an article written by Kurt Lewin946, reproduced in Lewin 1948:
202-3). It grew out of a want to study social greuporganizations while helping
them solve problems on their own, or as Curle (Jp4@it “... not only to
discover facts, but help in altering certain coidis experienced by the
community as unsatisfactory”. Rapoport (1970) gawve of the most cited
definitions of the action research method

"Action research aims to contribute both to the glieal concerns of people in
an immediate problematic situation and to the gadlsocial science by joint
collaboration within a mutually acceptable ethi¢dedmework”.

The action research method is distinguished bgutd goals and the
interventionist approach. The idea behind acticeaech is that to fully
understand something you should try to changeast@by-Smith et al., 2002).
The change processes of modern organizations@selgllinked to the
development of information systems (Baskerville 8eB-Heje, 1999). Whether
the information systems development is the drivorge behind a change process
or driven by a change process in the organizatienalignment of organizational
architecture to the architecture in the informaggsatems is critical for the
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success of the organization (Magoulas & Pessi, 199& action research
method is a hence a good tool to understand théobtween organizational
change and information systems development beaduke intervening
approach.

3.3 Canonical Action Research Method (CAR)

Action research is thus a method for analyzingrgamizational problem
situation, introducing change that should tackéeghoblem and evaluate its
effects. All in collaboration with members of theganization and the desired
outcome of an action research study is a contobut both academia and
practitioners. One problem with action researdh lsck of generality in the
results. They are often tied to the specific orgational context and the specific
problem situation. To remedy this, Baskerville &&RBrHeje (1998) suggests the
inclusion of techniques for theory formulation usedjualitative research known
as Grounded Theory (Strauss & Corbin, 1998). Fitsroriginal two-phase
research cycle, consisting of a diagnostic phadeaaraction phase the method
has been updated with more structure. Susman &8V@978) revised the
method and identified five distinct steps per cyclef. figure 2). These should
take place in a research environment that is eskeddl first, what Rapoport
(1970) called “a mutually acceptable ethical fraragw’. The five steps are
named Diagnosing, Action Planning, Action Takingakiating and Specifying
Learning. The steps are not supposed to be exerugestrict sequence. Instead
iteration over one or more steps is suggesteditterthe theory, concepts and
data in a learning process. The collaboration betwesearchers in each phase
might vary from project to project and the degréeatlaboration is a parameter
for categorizing action research projects. Cheml.gt1948) use the label
diagnosticfor research where researcher only collaboratéseiniata collecting
for presentation to the collaboratoesypiricalwhen only evaluating,
participatingwhen diagnosing and planning action axgerimentalvhen all
steps are carried out in collaboration with theaesh environment. Furthermore,
there is an abundance of techniques for collectatg for the phases. This is
primarily done during diagnosing and evaluating eodld be done by interviews,
observations or questionnaires.

The variant of action research we adopted for tudyscould be labeledesign
oriented action researclit distinguishes itself through its intentiondevelop
and evaluate design principles for information sgst design through
prototyping. The works of Henfridsson & LindgrerO(%) and Lindgren et al
(2004) have previously developed and utilized desigented adaptions of action
research methods such as grounded action resé&askefville & Pries-Heje,
1999) and CAR respectively.
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Figure 2: The Action Research Cycle (source Susmaneed (1978))

3.3.1 Diagnosing

During the diagnosing phase, the task is to peteetn@ organizational context
and the causes that are driving the desire forg#arhis should produce some
initial categories or themes that will be evaluatedugh data collection and
coding and help build an initial theoretical franwglwfor the other phases.

3.3.2 Action Planning

Action planning is the specification of suitabl¢ians that is expected to
resolve the problems underlying the wish for chafide development of the
proposed actions should be guided by the theotdétamaework from the

diagnosing phase, with regard to the target orgdioizal state. The collaboration

between the researcher and practitioner is impbftara successful design of

possible change actions.
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3.3.3 Action Taking

The action taking is the final step in the techhassign of the change action.
During this phase the most appropriate suggestan the previous step is
chosen for implementation.

3.3.4 Evaluating

The researchers and practitioners implement thegehanalyze the effects and
evaluate these with regard to the theoretical fraonk. A holistic stance should
be taken to consider whether it is the appliedbastialone that have caused the
changes to the organizational state or if it isngjesl by means of other events in
the context.

3.3.5 Specifying Learning

Although the action research process is a contisilearning process, there
must be an evaluation point with regard to whatlmawonsidered the general
findings from the cycle. This should again be vedfagainst the theoretical
framework, which itself should be scrutinized anfject to adjustment. This
phase is reminiscent of a traditional analysisisediut here it should be reported
what knowledge has been gained and whether to @doséh another cycle.
These are elements from traditional conclusionsdaglission sections.

3.4 CAR Evaluation Principles

Davison et al. (2004) suggest five principles fonfirmation of relevance and
rigor when conducting canonical action research.

Researcher-Client Agreement (RCA)
Cyclical Process Model (CPM)
Theory

Change through action

a bk w0 D PE

Learning through reflection

This builds on Susman & Evered’s work but introdiaanore explicit
framework of criteria to facilitate comparabilitpé standards for CAR. The
development of the principles may be regardedrasgonse to criticism towards
action research, but the framework could act agans for a more coincident
view of action research in the IS disciplines ashsin appendix 2 we give an
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account for the framework of principles, associatetria and how our study met
these.

3.5 Data Collection and Analysis

We used several approaches for collecting and aimglyempirical data. Which
techniques were utilized depended on the situaboming the first part of the
diagnosing phase, for example, we used severat, isiberviews and participant
observation. When our focus narrowed, we startedap processes and
dependencies and this was based on in-depth iates\and longer observations.

When analyzing the data from the diagnosing phaseyorrowed techniques
from grounded theory (Strauss & Corbin, 1998). Westistress that our study in

no way was adopting the grounded theory approduis. fresupposes that there is

no guiding background theory in the study, but thabry emerges from the data.
The emerging theory is then verified towards datraand adjusted until there is
no change in the theory.

Grounded Theory data analysis techniques conststreé types of coding
methodsppen axial andselective The coding process is continuously under
refinement during the iterations over the datasTéia deduction process that
aims at exploring concepts from data and an indagtrocess when verifying the
concepts on the data. Since we did not utilizecsigke coding its details will not
be explained.

3.5.1 Open Coding

The raw data is analyzed and emerging distincthenpmena is labeled as
concepts. These are grouped, classified and atedrexccategories and
subcategories. Categories and subcategories ar@atssl with properties and
dimensions. Dimensions are properties that aré¢ddcsomewhere on a range or
some kind of continuum, e.g., a range between “pesjitive” and “very
negative” in an attitude survey.

3.5.2 Axial Coding

During the axial coding procedure connections and<links between
categories and subcategories are identified. Segodes may relate to several
main categories of classified phenomena and thlistesrmined by comparing
dimensions and properties. These conceptual irt&ons, categorizations and
linkages of the data are a part of a deductivege®that demands that the
perspective of the researcher is clearly stated.
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4 Research Setting

The primary location for our survey was the truslsembly process at VTC's
manufacturing plant in Tuve on the fringes of Gotgb In this section we give a
description of the client organization and theiatibn of the action research
study.

4.1 The Volvo Group

Renault Trucks, Mack and Volvo Trucks are the Vaoup’s brands for its
production of trucks. Together these make the V@voup the largest producer
of trucks in Europe and second largest worldwidalv¥ Trucks is producing
medium heavy to heavy trucks and have severaldastaround the globe, for
example in Sweden, Belgium, France, USA and Brahié Volvo Group has a
bundle of companies in the vehicle manufacturingfess: Volvo Buses, Volvo
Aero, Volvo Penta (Marine engines), Volvo ConstimttEquipment, Volvo
Powertrain amongst others and VIT serves as amaitél services provider. The
Volvo group no longer makes cars since the car faatwring division was sold
to Ford in 1999. The Volvo trademark is protected maintained through a
company jointly owned by both Volvo Cars Corporatand The Volvo Group.

4.2 Assembly process structure at the VTC Tuve Plant

The truck assembly process at the Tuve plant iglelivinto two main
production flows and several sub-flows. The main are in turn divided into
segments which each focus on a specific assemédy &he production vehicles
are based on 20 base models but in the end, 7@& of 34,000 vehicles
produced each year has special features. Thisdeigtee of specialization
frequently makes the load on the regular produdtmm too heavy and special
attention is required. This is dealt with at the@pl variant stations (at the motor
line it is labeled the EXOP station) where partsspnt on less than 30% of the
vehicles are assembled. There are even more spedialssemblies that are too
complicated to be handled at the variant statilike specially dimensioned fuel
tanks or heat insulated fuel systems. These asg=mase done by the non-
stationary S-team. This team has their own preralsiseshop and task
coordinator. It operates beside the operators @emeular flow, trying to
minimize the interference from their work on thgukar flow by splicing in their
work where it creates a minimum of interferenceh# vehicle is too complicated
to be built at the regular flow altogether it canlilt in the prototype shop.
Custom adaptations such as special loading plaf@meranes are assembled at
the customer adaptation shop (CA). Since our fagtlse communication of
assembly instructions to the assembly operatorsiave omitted the logistics of
parts share of the assembly process and how infanmiggarding this influences
the information environment of the assembly opegato
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4.2.1 Assembly Information Environment at the VTC Tuve Plant

The processes behind the assembly instructiony tstightly connected to
the parts supply of the assembly flows. The synulation of parts from internal
companies as well as external subcontractors isnigrthe speed at which
updates of parts logistics and instructions capdyérmed. The process at which
the instructions and parts are tied to the ordecsiled the Definitive Run. It
takes place three weeks before the assembly @sigjded for. The SPRINT
system is the tool the production engineers usemnmect the right parts and
instructions to each chassis (the SPRINT systeilaceqd the MUL (Monterings
Under Lag) system in 2005 and the personnel uselthierm MUL for the
SPRINT-generated printouts of assembly instructiomsur study, SPRINT and
MUL are interchangeable). The production engineeradd a description to each
core instruction and determine whether bold stylgatics should be utilized to
highlight text. Furthermore the production engingets the time each assembly
requires, this is determined from the standardftdie assembly sequence is set
by the production engineer. The SPRINT system shggests a division of the
assemblies among the stations at the segments astembly line and orders for
parts are sent to suppliers, this is called thakatewn process. After this, the
electronic documents that are generated are sant éaternal printing company
that delivers printouts to the plant for internadtdbution. Each vehicle generates
325 sheets of instructions on average, and theofdisé printing alone
(distribution costs excluded) is ca 7 million SHHKe prototype team had
estimated that acquisition of PC terminals to sfleanbly stations would not
exceed the costs for the printing alone.

4.2.2 Deviations Handling

Deviations are logged in the internal productioalgy system QULIS
(QUalLity Information System). This is done by qtiaBupport personnel along
the assembly line segments, or by the control d¢pegd the control zone at the
end of each segment. When a deviation is discougyeth operator he gives a
short description on a form that follows the vedittiroughout the assembly line.
When the vehicle reaches the control zone the aloperator receives the
deviations form and takes proper action, normadydys the deviation in QULIS
(figure 3).
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Figure 3: Information environment at the motor asbgntine

An issue in QULIS is treated in six steps: datdeoblon, temporary measures,
root cause analysis, permanent measures, resiihiw-fiop and completion. It is
possible to add comments, documents and files,@aures to each step. The
responsibility for each issue is specified in thistem log as an issue owner and
issue assigner (c.f. appendix 1). The plan at V@ that MONT, SPRINT and
QULIS should be core systems at all VTC plants dwidle. The quality support
personnel at each segment should give individwalldack to the individual
assembly operator when a mistake is discoveretheTable to trace who have
executed the assembly, each chassis comes withieanal error feedback form
for each segment upon which the assembly operateriyis personal stamp at
each station. The control operator has a combihedktist/form called quality
instruction for each chassis and control zone wheelstamps and fills out. The
internal error feedback form and the quality instien form are saved locally for
two to three weeks and are then disposed of.

4.3 Action Research Project Initiation

In all, VIT had three major incentives for the iyjpe, cost reduction,
assembly assurance and of course environmenta¢éoon&s aforementioned,
printing costs yearly exceed 7 million SEK at thev& plant alone. The cost of
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distributing and handling the printouts is diffittd measure precisely but there is
a potential for great reduction of costs when ghisting the instructions digitally.
Assembly assurance is a concept for securing iddaliassemblies, for example
that certain nuts are tightened to a certain toogubat the right parts are married,
e.g., that the right gear box is assembled to eifspenotor. Some assembly
stations today have PC terminals with computer+odliet! nut drivers. By using
these computer-controlled nut drivers it is vedftaat the right number of nuts
are tightened and at the right torque. This syssecalled MONT (unknown
acronym) and is present at some stations at therraob-flow and the initial part
of the chassis assembly. The axle sub-flow alsah@MONT system installed,
but here the MONT PC is mounted on the carriertiaaisports the axle between
stations.

As for the environmental concern it deserves tanketioned that the on
average 325 pages of instructions that each trankmutes, amounts to 2500 trees
that need to be cut down each year. Not to metiierenvironmental strain that
comes from producing, printing and distributingthls paper.

This was the background for VIT to initiate the fotgpe project called
“Paperless Manufacturing”. The company’s objecfarethe project was to create
business cases for different implementations aflware and software to replace
the paper instructions. To bring in new ideas andide perspectives they
contacted the IT University of Goteborg to approawster thesis students for a
collaboration project. We saw an opportunity foraation research project and
contacted VIT. A prototype team was formed. Thegiype team consisted of a
prototype leader from VIT Tech Watch & Businessdwation, a systems
developer from VIT at Volvo Powertrain Skovde, 8RRINT superuser at the
VTC Tuve plant and us Master Thesis students.

The expectations on our work from Volvo came inrasf suggestions. These
could range from programming of graphical userrfatges to modeling the
necessary changes of the data models that woulédessary to integrate the
SPRINT production system to a computerized assembtyuctions environment.
However, at an early stage we identified a proldeea of less technical character
that the assembly operators did not perceive tsteuctions meaningful and
supportive to their work. Furthermore our survegrspointed to that the
communication between the operators and the clexiogkers that prepared the
assembly instructions, the production engineers, imsufficient. This gap
between the two CoPs was due to a lack of the ot of the assembly
instructions information environment in general. Weught this gap needed to be
addressed for taking the full advantage of the atign from paper based to
computerized instructions display. So our init@tds for the project became to
develop, implement and evaluate design implicatrtessary for a system to be
perceived as meaningful and supportive to bothaipes and production
engineers.

As members of the prototype team, we had opporésnior studying the
effects of our suggestions in two contexts in tledv@ Group organization:
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1. ThePrototypeteam In the frequent meetings with the prototype leader
the SPRINT super user and the system engineerpwd try out concepts
that emerged out of our survey work. This becamieacena for exploring
feasibility of the concepts mentioned above to pizitional expectations
on the outcome of the prototype.

2. TheVolvo Trucksplant in Tuve The prototype was setup at the Tuve
plant and we got an opportunity to demonstrateimuuit to the prototype
to both white collar and blue collar workers at phent.

Although it would have been interesting to study ¢ffects of our work in the
prototype team on the outcomes of the team, weldddb focus on the impact of
the prototype on the organization in Tuve.
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5 Empirical Results

In this section we give a thorough report of theules from each step in the
action research cycle we realized during the mastesis project.

5.1 Data Sources

During the 16 weeks of the study we completed gradecof the canonical
action research method. Data was collected thrpagticipant observations at the
plant in an interrupted involvement fashion, sefmna-depth semi-structured
interviews with personnel and at collaborative vabidps with both practitioners
and researchers.

Table 1: Data sources for first CAR cycle

CAR Phase Data sources

1. Diagnosing = Literature review
= Several days of Participant observation

= 5 semi-structured interviews (Operators &
Production engineers)

= 2 collaborative workshops

2. Action Planning = Literature review

= 2 Semi structured interviews (QULIS
Administrators)

= Collaborative workshop

3. Action Taking = Literature review

» Information meeting

= Several days of Participant observation
= Collaborative workshop

4. Evaluating = Literature review
* 6 semi-structured interviews (Operators)
= Collaborative workshop

5. Specifying = Documentation generated in previous steps
Learning

Table 1: Data sources for first CAR cycle
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5.2 Diagnosing

The diagnosing phase started with three days arehson where we simply
walked around the factory and acquainted us weldifferent assembly segments
to get a feel for how the assembly was done. Duhege three days we also got
the opportunity interview four assembly operatoosf different parts of the
assembly line. The interviews were conducted tagathth the prototype leader
and the SPRINT super user, who had selected tpendsnts “because of their
knowledge of the processes and their interestfornmation technology as a
problem solver”. It appeared that there were pgezkproblems with the contents
of the instructions that we had not anticipatede @reme that kept reoccurring
during the interviews was the lack of accuracyhm instructions. Furthermore, if
an assembly operator endeavored to report a minar ia the instructions the
anticipated time for correction of the error wapented to be six months or more,
if corrected at all. These problems appeared te ladwong history and reduced the
assembly operators’ perceived meaning of the ioBtmis and therefore lessened
their motivation to look at them. Instead, to apMarge extent, they assembled as
they “knew how to” from prior experience. Findifngetproblems mentioned
above pointed to the importance of building upaksembly operators’ perception
of the instruction as being useful to their praztiCheoretical concepts like
Communities of Practice (and how meaning is create¢lese), Boundary
Spanning practices, Boundary Objects seemed tpflecable to the research
area and we included these in our literature stililg.interviews broadened our
understanding of the problem area and we startdddot our focus towards the
communication surrounding the construction andzatiion of the instructions.

The second week we visited the plant without guteéaio further explore the
problem setting and conduct spontaneous shorwietes with the assembly
operators in their working context. We observed thastly the operators did not
look at the instructions more than once or twicerduthe thirteen minutes at
hand at each station. This led us to the conclu$ianthere was a significant
amount of redundant information in the printed addg instructions since each
station receives on average 3 pages of instructidesalso concluded that this
was due to absence of collaborative efforts totergstructions that were
adjusted to the practice or negotiation of meafinghe boundary object. Hence,
the instructions were to be categorized as a datgdrboundary object that had
not become a boundary object-in-use. We surveyeditferent information
environments of the segments and decided to igasthow information to the
S-team was handled. The S-team information enviestrappeared to be the
most complex we could identify at the plant. Thekwof the S-team furthermore
relied heavily on an internal standardization afegsblies and a significant part of
their knowledge was not reified but purely tacitdéeper look into the S-team
was expected to reveal information that could lefulst other parts of the
assembly plant, regarding that the bulk of thdirjas to deal with tasks that
deviated from standard assembly operations.
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Thursday the third week the prototype team heldeshop where
stakeholders from all layers of the assembly popasticipated (assembly
operators from a variety of segments, productiayirezers from CA and the S-
team), a committee that surveyed needs for staiz@ddiah of operator training, as
well as researchers from Chalmers and Volvo Teduyyoinvolved in the EU-
project "My Car”. The purpose of the workshop wagriform all the stakeholders
of the project and to try to capture the demandsexpectations of the
stakeholders. At the workshop, the systems developea VIT Powertrain
presented a system for displaying digital assenmsiyuctions that they have
implemented at Volvo Powertrain Skovde and partly BC in Tuve (MONT). It
was decided that we would use this system as a fmsour prototype. At the
workshop we presented our preliminary findings dadlared our intention to
focus on how the system can be implemented to gyrthe communication of
deviations related to the instruction. We receiragth positive feedback and
opinions from researchers and practitioners whimgthened our belief in the
validity of our working concept.

The workshop was followed by several meetings atetviews with personnel
from different areas of the assembly process ss@ssembly operators, special
assemblies’ group coordinators and production exggs Meetings and
interviews were either recorded or carefully natechind maps. The material
gathered from workshops, meetings and interviewsraskthen analyzed by
focusing on the use of and updating of the insioast(c.f. table 2). Theoretical
concepts were mapped to the emerging categorfesafale 2).

The substantial amount of tacit knowledge of the&n and the complex
logistics associated with their work made it diflicto accomplish a change that
could affect their organization, due to our tinmaits for the project. Furthermore
we questioned whether findings from the S-team dide! applicable for the
regular assembly line since the S-team is speethiiz dealing with deviations.
Instead we brought the experience from our work wheir situation along when
redirecting our focus to the motor assembly linemputers were already present
at some stations at the motor line, so the implé¢atem would not have to force
the obstruction of insufficient computer experientiee motor assembly line has
the division of work that is typical of a segmehttee line throughout the Tuve
plant. The special assemblies at the motor linesangewhat limited in frequency,
but the EXOP variant station deals with the precdj@el set of variants.

During the next stage of the diagnosing phase eeefore concentrated on
interviewing personnel from the motor assembly.liR®@m these interviews no
new categories seemed to emerge but more dathebi®d our categories were
collected.

The core problem dimensions that we found durirguidsing are summarized
in table 2. Furthermore, we show how the problemedtisions are linked to our
theoretical concepts. A detailed review of the itissuom the diagnosing phase is
given below.
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Table 3 Results from diagnosing phase

N

[y

7]

Code | Category | Argument Dimensions | Theoretical concepts
Al Information = Communication of deviations is| Fragmentation = Boundary spanning practices
Infrastructure handled through a chain of the unstructured communicatio
people, “Chinese whispers”. processes regarding the
= |tis not always that all deviations reporting stem from
information you need to the unspecified boundary
assemble correctly can be found spanning roles.
in the instruction. = Boundary objects-in-us¢he
= Dispersed information processes scattered and outdated set of
boundary objects needs
structured processes.
A2 Gap between = Unclear responsibilities for Opacity = The absence of boundary
the issues regarding deviations. Lagk spanning practices and bounda
community of of traceability of deviations objects with convergence is
production issues. obvious. Reifications are not
engineers and = Operators do not have sufficient negotiated.
the knowledge of the deviations = There is a clear deficiency of
community of handling process to give precise understanding across the
assembly reports —“The tube is not long boundary.
operators enough”, Differences in language
= When errors in the instruction
are reported operators are ofter
left with the perception that
noting is done to correct these
errors. Differences in
conceptions.
A3 Accuracy = |nstructions are not always up toFragmentation = The frequent error in the
date. instructions and the long period
» Instructions often contain errors. before correction is an effect of
= Sometimes certain assemblies the lack of cooperation around
are not properly supported by the processes. This requires
instructional text or picture boundary spanning practices arf
well negotiated boundary object
to enable efficient information
processing over several
boundaries (c.f. figure 4).
Ad Amount of = The amount of information an | Fragmentation = The content of the instructions
information operator need to assemble & opacity redundant and has not been

correctly is highly individual.

= A lot of unnecessary
information is presented in the
instruction. Operators often skig
parts of the instruction because
they “know” that the information

is superfluous.

negotiated. There is a divergen
between the reification
(instructions) and the practice
(assembly).

ce

Table 2: Results from diagnosing phase
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5.2.1 Information infrastructure

During the diagnosing phase it became obviousthi®ahandling of deviations
was extremely complex and resource intensive. Wd to capture the
complexity in a schematic way (c.f. appendix 5)e Bystems and processes seem
to be constructed in an ad-hoc manner, which medeemformation environment
severely fragmented.

There are three occurrences that can cause chantiesinstructions, either the
customer wants something different or the quakisuaance process reports a
problem with a certain assembly so that the inftsameeds to be changed to fix
the problem. The third possible cause of chang#setanstructions is that the
operators report something to be wrong with th&uiesion. When detecting an
error in the assembly instructions, the operatsuposed to rip out the page
from the sheaf, mark and comment on the error amthe sheet in an assigned
pigeonhole. This process is not reliable and mosunusual that less urgent errors
fall out of the production engineers’ focus. Thecrbases the assembly operators’
incentive to report errors in the instructions.

“When | was still learning... And all the time whgou asked about something... -
you should read the MUL [instructions]. You cardfihin MUL. So | read in
MUL and it was wrong! ... Where is the security thassemble the right way?

So it started out with that | marked errors, pullmat the page and saved a small
pile of papers. Then | turned them in on a breaktben they were lost. ...
Probably nothing will ever happen because as everygays: It doesn’t matter,
they [production engineers] don’t change anythimywaay and it takes such a
long time. But | did that for a while, marked ersor. but ... that didn’t turn out
well.

...you feel so far from... like... the center of attenti.. there are too many

steps... to do something about it.”
(assembly operator)

The uncertainty in the instructions makes thenmadequate tool for the CoP
of assembly operators to perform their work. In yneases they are reduced to
work from the collective body of experience amortgsir peers.

Late changes are communicated through temporatryat®ns posted on
notice boards that are not always in the immedieteity of the assembly area.
These temporary instructions are used until thegas visible in the SPRINT
printouts or until the entire order has been preeds

However, there are times when temporary instrustame not enough. As
stated by a production engineer

“If I have added the wrong part to an order themust go down to the factory
floor and manually sort out the instructions tha¢ &aulty and correct them.
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Otherwise there is a risk that many people willdhdone a lot of unnecessary
work”.

This of course adds to the plethora of ways thahgks are communicated.

With all the custom assembly information it is extely important that the
instructions are correct and that the assemblyadpes follow them. However, in
many situations the information is proved incort@atl the operators prefer
carrying out the assemblies based on their knowgehigth that of the individual
and that of the team. Since the operator must ¢otgutemporary instructions to
really assess the validity of the instruction itlado the preference of assembling
from knowledge rather than from the instruction.séasted by an operator.

“I don't really read the instruction | know what took for, | know what can
vary”.

Similar statements where made by many operatoses pfdblem with this kind
of knowledge is that it based on historical datd isrthereby resistant to change
since the new knowledge that can be gained bymgate full instruction is
never introduced.

During this survey it became clear that the gapeen the production
engineers that put together the assembly instmgilmthe SPRINT system, and
the assembly operators was vast throughout theedatitory. This was part due
to the processes and part to resources and a#titWdeen the operators find a
deviation in the SPRINT printouts they are suppdsetp out the page and mark
the deviation, write down comments and hand ih&rtGroup Coordinator (GO)
or Technical Adviser (TA). They in turn will briripe page to the production
engineers and they in turn will take necessaryastto correct the problem
(figure 4). The production engineers have to dewiether the solution to the
problem requires changes in the instructions alonehanges to the construction
as such. The construction adjustments are haniietiePROTUS Hunknown
acronym) system that is a system for handling ceasgues regarding the
construction. When the constructor has chosengheariate update to the
construction, he makes the corresponding chanteeiROLA (unknown
acronym) system that feeds the SPRINT system.

There are a number of problems with this procels.groduction engineers
often have difficulties understanding the problehe the operators reported and
it is a cumbersome job to find out who has repovtbdt to further survey the
details of the reported problem. The gap betweerttmmunity of assembly
operators and the community of production enginesessipposed to be handled
by the designated boundary spanners, i.e., ther@@@h& TA. In effect, these are
members of the community of assembly operatorsdanubt have the sufficient
peripheral participation in the community of protian engineers. The GO and
TA roles in the communication between the two comities are limited to pass
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on information. Hence, the spanning of the boundameffective regarding the
communication of deviations reports. This coulcekemplified by the quotation
below:

"Like when | get a report saying the tube is to gsh®hat doesn’t help me! | need
to know how much too short it was and how longpéstube when measured”.
(Production engineer)
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Figure 4: Actors systems and artifact in the assermfyrmation environment

To further survey this problem the production eeginneeds to get more
precise information from the assembly line. Thialddbe achieved by contacting
the GO or TA to ask him to retrieve further infotioa from the operator, or by
going down to the assembly line and look up theasion in person. The
boundary spanning layer of GOs and TAs in the m®described adds a
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processing step to the communication chain. Thensgor the possibility of
misinterpretation. In addition, the efficiency bktprocess is relying on the
synchronization of the all the involved participgnwhich makes it vulnerable to
lacking engagement and resources at each pant ahthin.

5.2.2 Gap between communities

During the diagnosing phase we met many operatatsstated that they felt
that there was no use in reporting errors for abiwas because they felt that they
were never corrected.

“One time we plastered the production engineerdaaltwith faulty
instructions... but nothing happened”.
(Operator)

The technical department on the other hand sthtddhey correct 80% of the
errors that they receive. This gap in conceptigraigly explained by the fact that
the operators have no control over where in theectipnal process their reported
error is and whether their report is actually gaimdgead to a correction.
Sometimes the errors reported are due to persogi@rpnce rather than being a
real error and then the production engineer wiétao action. The lack of
communication between the two communities surraumthiese matters makes it
difficult for the operators to see the differenbeswveen the errors that they report
that do become corrected and the ones that dd hetjoint negotiation of
meaning of the boundary object (error report) iseab.

The fact that the assembly operators do not gefemgback or knowledge of
what happens to their report makes them feel iasldes not matter what they
report. Deviations that get attention from the prcitbn engineers and that have
to be attended immediately generate a temporatguzi®n on a notice board
along the line. The time to the permanent changesbfuctions can then be as
long as half a year, or longer.

Long before these changes take effect the assaspblators have already
adjusted their practice according to the tempowasiructions. Since they are used
to the instruction being incorrect they have silocg stopped looking at it and
therefore the actual effect of their report, itke change of instructions, often
pass unnoticed.

Another thing that contributes to this gap in cqotms is that errors that are
not critical to construction, e.g., bolt lengthse aut at the bottom of the
production engineer’s to-do-list which further ded@ahe correctional process and
undermines the importance of reading the instractio

This gap in conceptions is further reinforced by $kructure in the company
illustrated by the following statement.
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“l can just say that the production engineers hgrdet any reports on assembly
instruction-errors (MUL-errors) anymore. They seas a success!
- We have corrected all the MUL-errors.
| say this is not the case but that is what the’& ey Performance Indicators]
are showing... It is a bit scary that when you rda&l MUL there are errors. But
we pat ourselves on the back saying we are gotlusitNo wonder we think that
we are when we don'’t receive any error reports”.

(SPRINT superuser)

The production engineers believe that they haveected all important errors
and are happy with that and the operators havatléative with the minor errors.
There are no forces in play within the organizatmibudge that equilibrium and
this enhances the divergence between the commumiie found that the gap
between the communities was a product of the psogekandling deviations and
errors being opaque. It prevents the communit@® fileveloping a common
language. It also prevents them from bridging tbéference in conceptions.

During our survey we could not find any boundargiregers-in-practice. The
production engineers seldom leave their officeistt the assembly line and the
assembly operators seldom visit the office. Theroomication between the two
CoPs is carried out through the boundary objectepnfing degree of
standardization. The SPRINT printout is a highbnstardized document with
little room for input from the production engine&éhe meaning of the document
is not continually negotiated across the boundanneksthe meaning of it is
negotiated within each separate practice. This sédea great deal of
uncertainty of the conveyed meaning. The QULIS&yss to a large extent a
boundary object-in-practice, but it is not usedeiydn the communities with
connection to the assembly line. It is used byginaity support personnel and
control zone operators. When we browsed the fimisbgues list in QULIS at the
Tuve plant we found some issues where the produetigineer had aided in
finding and attending the cause of the error. These however from the
evening shift. The evening shift is renowned tariwere collaborative across
boundaries and less weighted down with politicagregated histories.

The gap between the two CoPs stems from a distimision of labor based on
job descriptions rather than skills and organizatlonembership (Lawler &
Ledford, 1992). This is reified in that the asseibktructions are constructed as
detailed job descriptions that are supposed toephythe assembly operators
what work they are supposed to conduct for thegesaThe CoP of assembly
operators often regards the SPRINT printout asasef control from the office.
Of course this notion is reinforced when their fegek regarding the instructions
IS not considered important.
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5.2.3 Accuracy

The generation of assembly instructions was orteeofast things that were
considered when developing the SPRINT system, tieaSPRINT database
administrator puts it:

“They had spent a lot of time and money to getysws in the global
organization to agree on the data model and fumetiiby, and then it struck them
— we have to have assembly instructions to betaldssemble the trucks!”

(SPRINT database Administrator)

The standard SPRINT printouts do not fully suppdirassembly tasks, this
means information must be collected elsewhere. &tynof the more complex
stations, e.g., EXOP the MUL are supplemented loytiadial instructions based
on pictures that are placed in folders at the@tatVhile many operators
expressed the necessity of these additional irtgins; they also expressed
frustration over having to search for informatidrother places than in the MUL.
There was also a problem with the folders not beqm¢o date and pages missing.

“Sometimes the folder is not where it is supposeoket and when you finally find
it, the instructions for the type of chassis youehan front of you are not in the
folder”.

(EXOP-operator)

The problem with the instructions not being up &beds that the operators must
seek their information elsewhere and in time thigders the instruction obsolete
from the operator’s point of view. It simply becaosreasier to assemble from prior
knowledge or ask a colleague. They perceive thaadsaof getting the correct
information higher with this course of action thethey where to consult the
instructions. Of course this increases the risk@king potentially important
updates.

Many of the EXOP-operators could easily see them@l in a paperless
system since they often need to seek additionainmétion they were very
positive to the thought of the possibility of hayiaccess to all information in one
place.

“If I where to mount a part that | am not familiarith and | could just click on
the part number and a picture of that part woulghpg... that would be great”.

The citation does not only point to the wish fonglicity when seeking
additional information but also to overcome theartainty of the system with
printouts in a folder.
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5.2.4 Amount of information

The amount of information the operators need terabte correctly is highly
individual. Some operators claim they only neelirtow which type of chassis it
is and look at one or two part numbers to assegtriectly.

“Like at this station | see it is a FH and thenrldw which fan hub it is supposed
to be then | see 595 and 591 then | know exactly”.
(Operator)

Unfortunately, there is much information in todayistruction that has nothing
to do with the actual assembly. It describes inargeneral terms what is
expected to be performed during the assembly cytiegs like read the
instruction, throw away empty packing-paper anceoplill-material are listed in
the instructions. The problem with this kind ofarhation is that it
communicates that not all information in the instron is important.

“I never read that stuff! | don’t even know whysitthere. | mean we all know we
are supposed to do those things”.

(Operator)

All the redundant information also makes it hareget an overview of the
instruction.

“Some people do not look at the MUL at all. Youdtémlook for the things that
deviate”.
(Operator)

The overview is important because many operatdssloak for the things that
deviate from what is perceived as normal. At theksbops conducted at SAAB
Trollhattan and VCC Torslanda we were shown exaspldow their assembly
instructions are formatted and it appeared thairtfeemation is very sparse.
They fit all information for the entire line on 0AS paper. This is due to that
each operator performs fewer operations at eatibrs@nd that they have more
of a finite amount of variation to each model thia@ Tuve plant has.
Nevertheless, the assembly operators at the Tawe ook rather little at the
instructions concerning the amount of informatibcantains.

The deviations and errors reporting processesa@renly dispersed, but the
cumbersome handling of these creates inertia wittee bperator is faced with an
issue. Papers are distributed by hand and somemafmn by word-of-mouth
which creates a Chinese whispering game. Sevestdrag have to be consulted
to accomplish some tasks. The redundancy and despp@rocesses impair
accuracy and quality of communication and infororati
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Today'’s system has no support for adjusting theunson to the individual
and this creates redundancy and a certain degiaéahation fragmentation
within the instruction. That not all assemblies supported by the SPRINT
printouts also adds to the fragmentation. The dieece of the boundary object
and practices is apparent.

5.3 Action planning

The action planning phase is where we specify thierss to be taken to address
the problem area. Drawing on the core problem dsiegrs from the diagnosis
phase, fragmentation and opacity, we developedydgsinciples that would
guide us through the action planning step of thmacesearch cycle. Our
research objective was to find generically applieatesign principles that enable
convergence of practices by means of well-advisddiigned boundary objects.
The core problem dimensions beinggmentatiorandopacity, we decided that
our principles must address these. Consideringatidecided to conceptualize
our design principles as:

1. Theprinciple of defragmentation, to avoid dispersion of processes
and artifacts.

2. Theprinciple of transparency, to give everyone access to all
information, is one implantation of the transpaseaanception. The
transparency of a tool means that it is “suppordind invisible”.

Our subsequent involvement in the planning of astiihen utilized these.

During this phase of the study we participated woakshop at Volvo
Powertrain in Skdvde where we discussed and exgpketechnical possibilities
of the MONT-system together with a systems develfoen VIT Skévde and
our project leader. During this visit we also tdwke to observe the MONT-
system in use at the assembly line at Volvo Poarivhere the system is fully
implemented. Again we were baffled by the low métion of the instructions at
hand. Assembly operators occasionally glancedeastheens, but the lion’s share
of the instructions was not used at all.

The VIT main incentives for the prototype, costueiibn and assembly
assurance together with our design principlesheeframework for which ideas
were to be considered for implementation in theqiype. The systems at VTC’s
Tuve plant, in particular the MONT system set #nehnical environment for the
prototype work. During the action planning phaseinterviewed production
quality personnel to inform us whether the qualditghe assembly instructions
was a concern for their department. This was ret#se, but QULIS
administrator Ingmar Ohlin stated that quality essthat stems from errors in the
assembly instructions are in a clear majority ansotige errors they handle and
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generate large expenses for the VTC Tuve plansémei communication, 3'7of
March 2007). This was yet another incentive fordhent organization to look
into the processes for feedback regarding theuastns.

The prototype team, with the practitioners from \dfid VTC and us Master
Thesis students, continued the collaborative agilanning work and we
considered in which ways we could meet the Volhaeitives and our design
principles. The practitioners’ focus inclined todsiGUI design, information
structure and hardware considerations, while owknied towards to constructing
remedies for the problems discovered during diaiggakrough implementation
of the design principles. One clear division betwte practitioners’
expectations on the prototype ours were in thapthetitioners viewed the
prototype as a means for evaluating more effiagassembly instructions display.
Whereas we saw this as a clear effect of enablngdary spanning through
making the prototype a concern for both the Coprofluction engineers and the
CoP of assembly operators. However, on the asseopieisator “level” our
principles came to good use. The principle of dgfrantation can be applied to
the presentation of assembly instructions, impleeteas a reduction of
redundancy and intuitive ways to find additiondbnmation. The principle of
transparency can be guiding in the “physical” desigthe information
environment like hardware considerations (PDA,d8BIC, Stationary PC, etc.,)
and sequencing of tasks to fit the assembly ortfeped by one specific
operator. During the action planning phase, werrefeto Faulkner’s (1998)
design principles for GUI design for discussingngjarency at the GUI level.
More theoretical foundations were fetched from br&dlframework for corporate
portals design (2000) and Lucy Suchman’s work amdmn and context (1987).

The boundary spanning focus draws theoretical stiymon Levina & Vaast
(2005) and Pawlowski et al. (2004). We consideragisrof implementing the
principles in the form of gathering the overaburmaaf boundary objects and
information processes into one interface (the piecof defragmentation), both
for the production engineers and the assembly tgstal he principle of
transparency could be utilized through openinghgpprocesses regarding
deviations handling and keeping all informatioratreent at one point at the
assembly station to avoid inertia due to physicstadice from the PC terminal or
similar. The improved boundary spanning, througted-researched assembly
instructions' boundary object, was supposed toepttes solution to the problems
we identified during diagnosing.

5.4 Action Taking

Together with the other members of the prototypentave explored the
possibilities of implementing our design principl€sr technological simplicity,
station 5 at the motor line were chosen for prgietynplementation. Station 5 is
quite simple with a low degree of variation and skegtion with the fewest parts to
assemble at the motor line. The more complicate@EXtation would have been
a more interesting domain for implementation, bettomplexity of assemblies
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performed there requires a more extensive preparafiparts and instructions.
Our prototype ran in parallel with the regular protion system and the
preparation for the prototype station was maders¢palhe cost of the effort of
the double preparation of parts and assembly ictsbns at the EXOP station was
too high for the project.

Besides evaluating the possibilities for designg@ple implementation, we also
suggested changes to the user interface that tiidave an immediate connection
to the boundary spanning qualities of the systarhidthe design of supportive
functions to the assembly operators. The feedbedrting interface was
integrated to the instructions presenting interfglee modification of the MONT
system) and below is a screenshot (c.f. figure 5).
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P-4 (| Feedback 1=l B3 l.lction id: 88890153021 |Mini mode ] A e
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Figure 5: The feedback/deviations reporting integfantegrated with the assembly instructions
interface in the mini mode.

The integrated window labeled “feedback” has a dooyn menu of categories
to choose from for standardized categorizatiomefreport and each time the
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operator engages the reporting module it receiua®it chassis ID and
instruction ID to make it easier for both produntengineer and operator to trace
the issue once it has been started. The categoeeiesnstruction NOK (Not OK),
Function NOK, Missing Part, Electrical Error, Asskiy Error, Damage,
Highlight Error and Time Error The needs for the latter two were discovered
during evaluating of the prototype and introducecbadingly. Below the menu
there is a text field for a complementary desanipf the deviation and if this
seems cumbersome the operator can engage thergoareling function operated
by the buttons labeled “rec”, “stop” and “play”the bottom of the window. To
register the report the operator presses “OK” antel” to dismiss it. This is a
description of the final version of the interfattevas reworked continuously
during the evaluating phase.

After the report has been registered, the controezoperator, GO or the quality
support person inspects it and creates an issQEJIAS. The QULIS issue
handling system, as described in Appendix 1, shbeldsed to create structure in
the deviations handling and all personnel shoulet leccess to the system for
tracking and commenting on descriptions and actions

After the issue in QULIS has been started therkheila significant increase in
precision of the information reported compared Wit as-is case. The Chassis
ID, instruction ID, assembly operator ID, the startized category of feedback
together with a time and point of discovery dat thill be attached to the initial
report (we sometimes referred to this as a flaguarker during the evaluating to
separate it from a full-scale QULIS issue). Thikesait easier for quality
personnel and production engineers to trace demstand get an overview of
problem areas. The interface is thus intended @ to@nsparent and defragmented
tool for the assembly operators. The data thadended is intended for
increasing the transparency and defragmentatioemions for production
engineers and quality personnel. Thus both desigeiples 1 and 2 have been
utilized to a large extent for the design of thedieack process.

There is still one piece missing in this chainrdbrmation treatment though,
the “hub” or forum where the deviations issuescnléected today and the MONT
systems are not connected today. This is an impioctannection, but due to the
limited time for our project we were not able tgpiement the systems coupling.
When evaluating this part of the concept we weséegd reduced to use
screenshots from the QULIS issue handling modufegppendix 1) to illustrate
this part of the concept.

Guided by the principle of defragmentation, we added the problem of
dispersion of the key instructions within a speeifion for an assembly station by
implementing three different modes in the prototyye labeled the modes Mini-
, Normal-, and visual mode. We agreed that thatli@bformation that is present
in the instructions today is necessary for all aggg personnel so we added the
possibility of choosing the information richnesghie instruction by adding these
modes. Mini mode only showed the main part numbdrarresponding
instructional text, all brackets and bolts wherettad. The Normal mode was
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like Mini mode only it also displayed short filmgs$ of the more complicated
assemblies (c.f. fig 6) and this in turn would tiséow the part numbers of
brackets and bolts. The Visual mode would displatha part numbers and also
show film clips (c.f. fig 7)
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Figure 6 Displaying normal mode in assembly instructioteiface

We argued that if the assembly operator knew thigtioformation that is vital
was displayed, this would increase the will to rdaafull instruction;
furthermore, it would also make it easier to gebaearview of the instruction and
thereby easier to assess whether anything is deyiom the ordinary.

Following our design principles, we addressed tiodlem with other instances
of fragmentation discovered in the diagnosing pligsenplementing the
possibility of showing film clips and 3D-imagesadmplicated assemblies and
rare parts. This function would eliminate the nemdhe folders with additional
instructions at the EXOP-station. The productiogieaer can force a film clip to
be shown during a certain amount of time to empeasicertain assembly which
would eliminate the need for temporary instructibes1g posted on notice
boards. The implementation of the feedback modhgdether with QULIS is
aimed at reducing the manifold channels for haigdiiaviations and give a single,
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structured, shared and transparent platform fodlvagndeviation. The feedback
module connected to QULIS would significantly reduke fragmentation. By
giving the operators the possibility of followingetissues created in QULIS they
would not only get a confirmation that their effoim reporting are not in vain.
They would also be able to give and receive cootisiufeedback from the
production engineers and thereby provide the miansegotiation of the
instructions. The feedback exchange would alsoigeothe means for an
increment of the understanding of each other'stipeaahich would help to
bridge the gap between the communities.
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Figure 7: Displaying Visual mode in assembly instiorect

To make sure that as many members of the commahégsembly operators as
possibly would agree as to the purpose of the pnop#oand what outcomes could
be expected from it, we planned to have an infaonaneeting with all the
operators at the motor assembly line. As stateldbyger & Skarlicki (1999),
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“Organizational change can generate skepticism eggistance in employees,
making it sometimes difficult or impossible to iempent organizational
improvements”

Knowing that people are not always positive to ¢gfeawe found it would be
useful to communicate that this was not just anaglistem that would be
implemented without them having any say in it. Phetotype is just a tool for
evaluating the feasibility of the design concel¢e. hoped that this information
meeting would increase the will to use the protetgpd thereby simplify the
collection of empirical data. Some of the assendplgrators had already been in
touch with the prototype team during the diagnoskhgwever, we expected that
there would be a great number of assembly operttatslid not know anything
of the prototype beforehand.

5.5 Evaluating

The prototype run lasted for three consecutive webkiring this period we
visited the plant several times to evaluate thdementation. We conducted brief
interviews and collected bits of feedback that gdidur continuous redesign of
the system. The redesigns consisted of additi@atfgories to the deviations
reporting interface and an addition of a functionvoice recording for adding
comments to the report. Furthermore we examinedurtigtecture of the
posterior processes that need to take care ohfhe from operators. Towards the
end of the prototype run we conducted in-depthrumgvs with four assembly
operators from the day shift and two from the engrshift. The respondents were
chosen with regard to years at the motor line, iptessbackground, gender,
ethnicity and assignments at the assembly lineewded the evaluation cycle
with one last collaborative workshop where thervieavees attended together
with two production engineers from different segtsesf the assembly line.

Just before implementation of the prototype, weigpated in a biweekly
information meeting with the assembly operatonsitorm about the purpose and
function of the prototype. There was some skeptigisgarding the political
motives for the prototype like

“ are we supposed to verify every single assembly how on?”

“aha...it is supposed to make us more efficient abltkif [Johansson, Volvo
Group CEO] can make more money...”

“Is it for controlling the balance timegghe time assigned for each assembly
event]so we will get more work at the stations?”

(Assembly operators at Information meetind' b2 April 2007)
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The skeptics became a bit less persistent wherxplaieed that our interests in
the prototype were purely academical and that bjgabive was to improve the
processes regarding the assembly instructions. \Wieesxplained that we were
going to try out a concept for reporting deviatiamsl give feedback to make the
instructions more accurate and suitable to thenkwee got a mixed reception.
Some of the attendees were skeptical

“ok, that seems like a good idea but will we get fihll scale system then? It's a
question of money | guess...”

(Assembly operator at Information meeting"1# April 2007)

Others expressed guarded enthusiasm. We did nttegepportunity to display
screenshots at the meeting and could only exph@riunctionality briefly, but we
got to draw the operators’ attentions to the tecdirdetails during the prototype
run.

The evaluation period had not gone on long befpe¥ators complained that
we had omitted too much information when we degighe Mini mode. We
realized that this was something that had beeraMerd and we saw that it was
necessary to investigate which parts were esseatsdow. We soon came to the
conclusion that the parts that varied the most wegeaired to be shown no matter
what mode were made active. The operators weralaghke should decide
exactly which parts that should be mandatory tamsHthey of course answered
that the assembly operators should be responsibtedt. When asked how this
should be done they answered that this was songetihat the feedback module
could facilitate. Since we had no possibility ofreeting the problem with Mini-
mode within the given period, the operators wheted to always use Normal or
Visual mode. This produced a consequence we haanicipated. When the
operators switched to Visual/normal mode they couldonger see the entire
instruction at once on the screen. The operatatgdpress the F9 button to
verify that they had finished a task to make MONTo# down and show the next
task. This brought the operators' attention tcatbeembly order and they pointed
out that often they do not follow the order in 8RINT printout. The visual
mode made it nearly impossible to utilize a différassembly order.

“That’s a bit too complicated. If you have to prés& after every task | have
completed if you know what | mean. That it scradis/n to each... we all mount
in our own way... some follow the MUL and some dbcdn’t say that | follow
the order in the MUL. | mount as little bit heredaa little bit there... the way |
find it best. You want to have the freedom of @haind then | wont use it if it
follows the order of the MUL

(Operator)
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To be able to fully remedy this problem the systeould have to be built so
that it would be fully customizable to the indivaduThis would demand some
kind of database of personal preferences or a caregion of assembly operators
into a finite set based on the set of demands &aah. The latter approach could
be applied in a fashion similar to the three mddesl of detail for the
instructions display. During an interview with t8®RINT superuser we learnt
that today the sequence of the instruction isa&edtlly by the production
engineers. He pointed out this will not be the aagbe future. The goal is to be
able to set the order once and distribute it téealiories worldwide.

“... The question is who is responsible for settimg $equence, today it is set
locally by the production engineers. Tomorrow thi not be the case; it will
then be set globally... There are pros and cons thith in some aspects it does
not matter but others are important. If you look at think it is VCC they just
receive a package with preset instructions for White time usage is calculated
and then it is up to the factory to find the beaywo structure these instructions.
The factory that finds the most efficient way taim@ets a bonus and their
sequence is then communicated to the other fastorie

(Sprint Superuser)

This new way of handling the assembly sequencidugtrengthens the need
for negotiation of the content in the boundary obj@he feedback module
together with QULIS provides the necessary toals&gotiation of the
reification of the practice.

The operators do not want a fixed assembly sequanary control of their
performance at all

“Well, what | would want is that when | arrive abh @assembly station the
following were to be appear [pling] —Don’t forgetdt there is a change to the
LLK-tube, or now we have changed this or that. Beeovant on this and good
luck with your assembly! Press F9 when finished”

(operator)

To apply a fixed assembly sequence might chokénthentiveness of the
assembly operators. The assembly sequence thad Wweuletermined by the
global technical department in the future has ttriee out in a real context.
Enabling the continuous improvement of the assemsétjuence in a “best
practice” manner would require a continuous valaratgainst real assembly
operations contexts. The feedback system coulditédeithis. The transparency
of the shared information system is critical fog Hssembly operators’ motivation
to engage in the boundary spanning practicesalsis critical for the global

43



technical department for gaining insight into tlsseanbly operators’ opinions on
the efficiency of the instructions' sequence.

The opportunity to reduce the amount of informatigrchoosing the mini
mode (c.f. figure 5) was intended for reducingdigpersion of information by
applying design principle 1. The information preseat station 5 in this mode
were stripped down to what we thought would be @immim. We tried out
different setups of minimal information provisiondait became clear that the
operators could perform their task from three keyns.

“Mostly we get the 13-litre and it's pretty obviofa most [of the assembly
operators] what should be assembled. But certaiff gou look for... e.g. bracket
fan vise. Those two you look for.”

(operator)

In conclusion, the implementation of our desigmgiples in the prototype had
a distinct impact on how the assembly operatonsetethe potentials for a full-
scale rollout of the system. The possibility oftoef transparent access to
information regarding errors and deviations cleappealed to the assembly
operators.

“That is great! Because as it is now it feels as iif you ask the production
engineers about something you never get an ansagi. iyou do not notice any
difference, or you don't feel any difference. lassif we report and report and
they just sit there and receive it. We want an amdvack! We want a
confirmation that it is received and an answer Back

(Assembly operator’s opinion on the prototypecaept)

The quotation above is typical of the responsesaweived during the
interviews. Our solution to the problem of lackiaention to the instructions'
error handling process, integrating a simple repgrinterface into the
instructions interface and use the input from tbistart issues in the production
quality system, got a very positive reception ansbrige community of assembly
operators. The community of production engineemsect anticipate a more
structured process for reporting deviations. Thisil facilitate more precise
reports and less confusion.

“This would give the production engineers a bettaderstanding of the every
day problems that we face. It is definitely raisingp another level... it feels as if
we would be seen... as if our problems are important”

(Assembly operator on the connection to QULIS)

44



The operators felt that this would be a help inroeming the problem with the
endless reporting without effect. They also belieitevould create a better
understanding of their practice in the communitpafduction engineers.

The production engineers admit that they do notgbase attention to all
reports regarding errors with small impact on guali

“Often when you receive a report it is so diffusattyou cannot do anything
without further investigation. If it is'nt a critad error, you don’t have the time to
trace what it is all about”

(production engineer)

To get more precise reports and shorten the paivebe reporting operator and
production engineer would increase the productimgireeers’ devotion to correct
the errors.

“...you mean we would get instructions and chassiglihe report? That would
help a lot... sometimes its to much work to findvehat the length of a bolt or a
tube should be to make it fit. You trust that therators fix it... it would be
better with fewer middle men”

(production engineer at final workshop)

5.6 Specifying Learning

Here we display an analysis of the results frompievious phases and what
knowledge has been gained.

The diagnosing phase of this cycle of CAR reveatedty interesting problems
in the research context. The most acute problentheasgidity of the boundary
between the community of assembly operators anddhenunity of production
engineers. We identified several factors that douated to this rigidity.

= The instructions were often inaccurate and outbdtg@dates and
temporary changes were often communicated on nbtiaeds along the
assembly line. The inaccuracy of the instructiams the dispersion of the
instructions caused irritation towards the producengineers amongst the
assembly operators. The instructions also contaieeaindant information
which made them cumbersome and difficult to ovewvie

45



= The processes for reporting errors in the insibastwere nor transparent
and the assembly operator had no way to know whdlgd the error
report and what action was taken by the produarmgineer. The time
from reporting to implementation of corresponditngueges could be as
long as 6 months or longer. This caused irritatiod the motivation to
report errors and deviations were very low amotigsiassembly
operators.

» The production engineers on the other hand didjebimany instructions'
error reports, thought that there were not mangrercausing problems,
and that the assembly operators could manage rpimbiems. The error
reports they received were often not precise enéugtine engineer to
choose a corresponding action.

The main boundary object, the assembly instructibad not been thoroughly
negotiated and this made it an inefficient meangdmnmunicating expected
tasks. As a consequence, the assembly operatdosmed their assemblies based
on prior knowledge, some key pieces of informatiathered from the
instructions and by recognition of the type of nmoto

The accuracy of the instructions and how effedtie®nveys information to the
assembly operators was not regarded as qualityrkaat the Tuve plant. The
QULIS administrator states that a very large armkasive part of the quality
issues that are registered in the system stemsdrooms or misinterpretations of
the assembly instructions. There is a discrepapbyd®en this awareness and that
very little work has been done to create processesmrk with quality of the
assembly instructions. For VIT and VTC, one impottautcome of this project is
an understanding for the importance of the qualitthe instructions.

The dispersion, or fragmentation of informationre@s and processes was
another cause of inefficiency in the assembly imfation environment. The
EXOP station had several sources where additioséiuctions were collected.
The paper based information processes at the askneh deviations reporting
card, internal error correction form, SPRINT print®) quality instructions and
chassis ID cards were a source for fragmentatidgheoinformation environment.
The physical properties of paper made this cumipeesand insecure. Documents
were often lost when transporting a chassis betwegments.

The core problem dimensions from diagnosing, opamid fragmentation, lay
the foundations for the design principles of tramspcy and defragmentation.
During action planning we surveyed alternativesrigslementing these in the
prototype and adjoining systems.

In action taking phase we decided to integrate aldaedback/deviations
reporting interface in the graphical user interfé@&JI) of the prototype and link
this to QULIS. The integrated interface had a pfiedd set of categories for
clarity. Options for free text and voice recordimgre included and the intention
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was that together this would provide informatiowmattthe chassis ID, instruction
ID, assembly operator ID, assembly station ID, beett/deviation category and
input from the assembly operator so that the cbmtroe operator could simply
start an issue in QULIS by confirming with “OK” iah or similar. This would
integrate solutions to problems with several pdyaesed information processes
into the instructions interface making it a trarrgpé and defragmented tool for
the assembly operators and control zone operdtarthermore the precision in
reports would make the work of the production eagis easier. This feature
would increase the transparency and defragmentatitreir information
environment. After an issue in QULIS had been sthrthe issues handling
system should be accessible for all personnelegpldgnt. This way, the processes
regarding production quality and instructions' gyakould become transparent
and it would be easy to extract key performanceatdr (KPI) figures for
evaluation.

The Volvo Group’s incentives for the prototype wegalized through using the
principle of transparency and the principle of dgfentation when designing the
GUI. This resulted in the following modification§the MONT GUI besides the
integrated feedback/deviations reporting GUI.

= Three hierarchical levels of detail in the assgmtdtructions presentation
GUI: Mini, Normal, Visual

» Progress bars showing the time expired for thegareassembly and the
station in total

= Option to show 3D animations, movies and picttiodsighlight new
assemblies or other visualization purposes.

= Position image guide. A miniature picture of tteam on which the
assemblies should be performed. The area whewrst#®mbly should take
place was highlighted with a contrasting color.

= Sequence list. A list of the chassis before aridnakin the assembly
seqguence for the day. In a full implementation ¢h&sould be clickable to
get instructions for these.

The different levels of details display receivegitive feedback although some
assembly operators asked for the option of indeddualjustment richness of detalil
rather than the general categories. Progress lmesexperienced as a stressful
item by some respondents while others thoughtad & good tool to measure that
the station times were right. The visuals, 3D amioms, movies and pictures
would be supportive at the EXOP variant stationnehrare and difficult
assemblies were performed. At other stations ittiwasght of as an annoyance.
The position image guide would be supportive toitmegrs and at EXOP. If the
image were zoomable and clickable it could prowdme support at standard
assembly stations as well. This was not testedaltlee limited time for the
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prototype. The sequence list was a necessary iteem wliminating the paper
instructions. It must be possible for the operator®ok at instructions for other
chassis than the present at the station, e.g., ahenror occurs, they must be
able to look up the instructions for a specificsgia. During the evaluating phase,
the prototype was first implemented on three ptatf stationary PC, tablet PC
and PDA. The two latter, hand-held options werenstiscarded due to that it was
difficult to manage the units while assembling.vatiant stations where the parts
are not in close vicinity, e.g., EXOP, hand-heltesas are necessary when
leaving the station to gather parts. The risk opging the units to the concrete
floor was imminent. Some functionality was modifiad added during the
evaluating. Voice recording functionality was addedhe feedback/deviations
reporting GUI to simplify reporting. The sequenist Was modified to show
chassis both behind and before in the sequencepditte and assembly
operations were given contrasting colors to inaeaadability of the assembly
instructions. The feedback from the evaluating plges/e responses to the
feedback/deviations reporting concept and the desiggestions for the GUI.
The concept received many positive comments fraserably operators and it
seemed to bring forth a possible solution to tlebdlam with resigned attitudes
towards the instructions' correction process. Ticesiased precision in reports
was considered as a great improvement from theuptmoh engineers, but natural
skepticism regarding the conceivable initial legpimcrement of reports. The
structure and transparency that would be posdibitizing the functionality in
QULIS were appreciated by both communities of peactThe functionality of
this prototype concept was appreciated by both conmies of practice for whom
it was intended. The positive attitudes towardstthesparent handling of
feedback and deviations' issues in QULIS’s issuellag system pointed to that
this solution would achieve a significant overlaghe information environments
and activities of the two communities of practigence, this would enable the
type of tightly interwoven collaboration we hadé#dd convergence of practices.

One unexpected organizational deliverable fromfirss cycle of CAR was the
unanticipated difficulties regarding the sequenicassembly instructions. As long
as the SPRINT printouts are used it is easy tolskgk and forth in the
instructions. The fast navigation property of pagemn not be easily emulated with
a computer keyboard when converting from part-kst®nding over 3 A4 sheets
to a display on a computer screen. When using themode, all parts can be
viewed simultaneously on one screen. Using theratiugles you have to
navigate, either by verifying operation by opemtay waiting for the expiration
of the designated operation time. When verifyingragion by operation, the
sequence of the assemblies becomes an issue. Sdmaldg sequence has to be
negotiated to achieve acceptance from the assawpkhators. The want for
freedom of choice of assembly sequence, and thesaag operators structure
their work by doing several assemblies simultanlyamsikes this a difficult issue
that could have a large influence on the succetiseadystem. Individualization
could be a solution, but the company wants to siliea processes and utilize the
best-practice concept. This ambiguity could howdnespovercome by
implementing the feedback system of the prototgpiéstfull extent. Feedback
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regarding the assembly sequence could be repanteths would generate a pool
of best-practices that could be evaluated and eddat the global preparation
production engineers. To further enable the coremrg of practices, teams
consisting of members from each community coulgunetogether to choose the
best practice to be used. This would add a padtiisip dimension to the spanning
of the boundary.

Brokering practices could increase the potentiattmvergence further. To hire
and train production engineers that have startéaeadssembly line to an even
lager extent could be one way of bridging the caltand political gap and hence
facilitate increased convergence. Furthermoretisgpcommittees with members
from each CoP that discusses the design and carftém instructions and the
feedback process would enable increased boundannsm and convergence of
practices. This, however, lies far beyond the liofibur action research study,
even if we would have continued with yet anotherleyThe idea is nevertheless
interesting for long-term organization developm&n¥olvo Trucks’ Tuve plant.
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6 Conclusions

The research purpose of the study was to find wagsable convergence
between practices by means of design of sharedwafiton systems. The results
from the action research study show that utilizimg principle of defragmentation
and the principle of transparency will enable inya@ cross-boundary
collaboration. The convergence of each communityrattice and the boundary
object established through utilizing these priresptould at length enable the
convergence of practices.

The answer to our research question is then teagttidy strongly indicates that
transparency and defragmentation of informationrenments is critical for
convergence of practices.

The conclusion from the client organization perspeds that we found that
the boundaries between the community of assemldyabqrs and the community
of production engineers were very rigid. This wassult of lacking negotiation
of the assembly instructions as a boundary obgsttlting in opacity and
fragmentation in the information environments oftbcommunities. Our design
principles were developed to remedy this, the jpiecf transparency and the
principle of defragmentation. These were implemeimethe prototype and the
consequences were that members of both commugdates new focus on the
common processes of deviations handling. After nakine processes less
fragmented and opaque the potential for convergemceased notably.
Brokering practices should be employed to completeconvergence of the
practices through continuous negotiation of the romm system and processes.
The transparency and defragmentation of the shafednation system are
critical for the assembly operators’ motivatiorettggage in the boundary spanning
practices. It will also be critical for the futugéobal technical department for
gaining insight into the assembly operators’ opision the efficiency of the
instructions' sequences.

One of the outcomes of this project was the focuthe quality of the
instructions as a product quality influencing facithis new approach at the
Volvo Group potentially increases the awarenessif®meed for negotiation of
the instructions. The feedback/deviations reportiogcept and brokering
practices in the form of committees and delegatcmsdd enable and enhance the
negotiation process.

The design principles that we developed and evadudtiring this project are
not independent. One imply the other

Transparency~> Defragmentation

To achieve transparency, a shared information enment has to be
defragmented, otherwise the completeness and @vewill be inferior. To
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achieve the successful defragmentation of an irdition environment extensive
negotiation has to take place, i.e., the processldibe transparent. Otherwise
parts that seem unimportant to one community oftpra but are important to
another may be given badly advised priorities. Ti@same obvious when we
discovered the importance of the assembly sequence.
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7 Discussion
The spanning of multiple boundaries through boundéiects alone is no ideal
solution. Wenger (1998, p 110) states that

“Participation and reification can each create cawutions across boundaries,
but they provide distinct channels of connection.”

The participative activity of boundary spanningyi®ring, should be utilized to
enable the full convergence of practices. Thisqmiopas focused solely on the
reificative boundary object concept. If we had haate time at our disposal we
would have dug into the potential for brokeringgti@es in the research setting as
well.

The short time span did not allow us to impleméstd¢oncept fully into the
prototype which made the evaluation of the convecgea bit hypothetical.
However, we were able to discuss the effects aflanhplementation with
members of the CoP of production engineers and dstrade the concept with
aid of the screenshots from QULIS, but they coutiget the “hands-on”
experience that the assembly operators got frorpribtetype. We managed to
capture some crucial points that would be expetathange their practice and
converge towards the boundary object. Some eftatthe organization could not
be assessed without implementing the entire contép was without our
delimited domain of research and hence a possibkefar another cycle of action
research.

Regarding this as our first serious research preyedearned many lessons.
During transcription of the recorded interviews naticed that we sometimes
interrupted chains of reasoning that was emergim the respondents. This had
a minor diminishing effect on our results. Whatle&ned about interviewing
techniques and the intuition we gained from thiggmt will be of great value in
future projects.

We evaluated our research towards the principldsfta@ncriteria suggested by
Davison et al. (2004). This evaluation is accouritedn appendix 2.

7.1 Suggestions for Further Research

The participative dimension to boundary spannirgg, brokering, and how it
can contribute to increasing convergence betweactipes is a possible facilitator
of convergence of practices to be explored. Funtoee it would be very
interesting to implement the design principlesnotaer research domain to test
their general validity. On the client side of thi®ject, it would be of great
interest to apply the principles and concepts dagesl in this study in a full scale
implementation of the system that were prototyped.
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The convergence of practices is a concept thaitisnentioned in the
information systems literature before. It wouldveey interesting to see the
concept defined and evaluated further in anothpepa
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9 Appendices

9.1 The QULIS Issue Handling Interface

The QULIS system deals with production qualityisltnostly used by the quality
support personnel at the assembly line and theaarperators. Internal and
external suppliers can be contacted and engaghe problem treatment through
the system, and the issues are treated in astgetence. An example of how the
issues are handled is depicted below. If thereanstruction related problems the
issue generates a log in the PROTUS F systemhbatanstruction department
uses for logging changes to the constructions.
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9.2 CAR Evaluation

To ensure our action research was carried ouvalid way we evaluated it
against the framework suggested by Davison eR@04) that we discussed
briefly in the method section. The criteria in foafhquestions functioned as a
trigger for our discussion of the study and we ped answers/discussion in the

table below.

Evaluation of our project against the criteria praged by Davison et al

CAR Principle | Criteria Discussion

1. Resear cher - a) Agreement upon that Although we never discussed the action

Client CAR is the appropriate research method in explicit terms, both
researchers and practitioners agreed upon

Agreement appro_ach_ for the_ .| @sequence that corresponded to a cycle in

b) Focus clearly and A clearly stated focus from both
explicitly specified? practitioners and researchers, with a

substantial overlap.

c) Explicit client The project was initiated by the client and
commitment? its commitment followed from this and

) remained throughout the project.

d) Clearly specified roles of Throughout the project the roles and
researcher and org responsibilities of practitioners and
members? researchers were under negotiation. At

) times the researchers role adjoined the
role of consultant. But there was no
guestioning that the researchers had to
conduct diagnosing and evaluating with
as small intervention from practitioners gs
possible.

e) Clearly specified project | The objectives of the project were clearly

s partiality of the intervention it was

measures: difficult to set out distinct evaluation
measures. The results had to be
interpreted.

f) Explicitly specified data | Interviews and grounded theory
collection and evaluation| techniques were utilized.
methods?

2. Cyclical a) CPM followed or justified The CPM was followed for one cycle.
Process M odel deviation?
(CPM) b) Did the researcher The researchers conducted independent

conduct an independent
diagnosing of the probler
situation?

diagnosing and evaluating.

=

60



o

D

U7

c) Planned actions based Design principles for action planning an
explicitly on diagnosing taking were developed based on results
results? from diagnosing.

d) Planned actions Planned actions implemented and
implemented and evaluated.
evaluated?

e) Researcher reflection of Researchers specifying learning through
the outcome? reflection contributing to both academic|

' interests and practitioners’ interests.

f) Reflection followed by an There was no time for another cycle in
explicit decision on the time span for the master thesis project
proceeding with another so the decision were forced to be no-gag.
process cycle?

g) Exit of project due to Time limit reached for researchers.
objectives met or other Budgeted “man-hours” for VIT personnel
justification used up and the project finished.

3. Theory a) Project activities guided | Theory provided structure to diagnosing
by theory? and planning. Evaluation methods were
' theoretically informed.

b) Domain and problem The domain and problem sprung out of |a

relevant and significant to desire for change in the organization. The
- researchers found a relevant research

both practitioners and domain and problem.

academia?

c) A theoretically based Theory (primarily Wenger (1998), Levin

model used to derive the| & Vaast (2004), Star & Griesmer (1989
Star et al (2003)) guided the diagnosing

causes of the observed of the problem and domain.

problem?

d) Did the planned The design principles developed during
intervention follow from planning guided the action taking.
the theoretically based
model?

e) Was the guiding theory Evaluation through qualitative interview:
used or other theory used Theoretical conceptions used for
to evaluate the outcomes structuring interview data.
of the intervention?

4. Change a) Motivation from both Yes, both VIT and VTC staff motivated.

through action

client and researcher to
improve the situation?

Also the researchers.
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b)

The problem and its
hypothesized causes
specified as a result from
the diagnosing?

Yes, the problem and hypothetical cau
were derived from diagnosing.

5€S

(@]

—

1%

c) Planned actions designe d The design principles were developed t
d) Client approval of actiong The actions produced in collaboration
before implementation? | With practitioners.
e) Organization situation | Yes at diagnosing and evaluating
assessed comprehensivel{fspectively.
both before and after the
intervention?
f) Timing and nature of There was some lack in the
actions clearly and documentation of timing for the actions.
completely documented?
5. Learning a) Did the researcher During the short time span, a few short
Through provide progress reports oral and written reports were given fronj
. ; the researchers.
Reflection to the client and
organizational members?
b) Did both researcher and | Yes, during the compilation of the
client reflect upon the internal VIT report from the prototype
. and at the concluding workshop
? .
outcomes of the project researchers and clients reflected upon the
outcomes.
c) Research activities and | Dueto the fast pace there was minor gaps
outcomes clearly and in the precision of the documentation. A
activities have nonetheless generated
”?
completely reported” records.
d) Results considered as The prototype project was implemented
implications for further in a one segment of the assembly line.
. . . . was supposed to evaluate the feasibility
7
actions in this situation® of the concepts for implementation
throughout the entire assembly line. Th
response to the internal VIT report were
positive, but it remains to be seen if the
financial means for full scale
implementation will be raised.
e) Results considered as We consider our design principles valid

implications for further
actions in related researd
domains?

for a wide variety of applications
egarding communication of instructions
nd design of boundary objects for

convergence of practices in general.
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f) Results considered as The concept of design for convergence
implications for research practices is not previously mentioned in
: the literature and this should be further
community (knowledge, | .coarched.
theory)?
g) Results considered in Provided the Researcher-Client

general terms of general
applicability of CAR?

agreement is fixed and the domain and
problem is well specified it is fully
possible to complete one full cycle of
CAR using the principles of Davison et
for ensuring rigor and relevance.

2
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9.3 Respondents from evaluation interviews

)

Respondent | Function Age | Years Gender | Education,

on task Other

MI Operator, EXOP, | 22 | Y2year F Volvo Senior High
adjustment, School
evening shift

MA Operator, Quality| 29 | 7yrs M Technical Senior
support, Control High School
Operator

SAM Operator, evening 23 | Yyear M One year at
shift Chalmers, One

year at Gothenburg
University: public
administration
program
Previously from
Volvo Cars

SAN Super User 25 | 3yrs M Works in the
SPRINT, former office. Started out
assembly operatqr at assembly.
and production Technical College
engineer.

N Operator, EXOP,| 39 | 7yrs M Journalist
adjustment education in

Poland,
hairdresser,
Automobile
mechanic for two
years in Iran.

A Group 30 | 6yrs M Economics in
coordinator, Senior High schoo
control operator

F Operator, Control 33 | 5yrs M Truck driver 10yrs
Operator, group prior to this.
coordinator, Industrial,
acting PL techincal/workshog

Senior High
School 3yrs

SG Production Gothenburg
engineer, Special Technical high
Montages School

AH Production Started out as
engineer assembly operator
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9.4 Interview Guide

Our interviews included themes from the work of pinetotype team that were not
in direct association with our research area, listrhade for a natural line of
reasoning through the interviews. We utilized apérchecklist to guide the
interview work.

Prototype interviews

! GUI Design _

_ Mini/fnormalfvisual Mode

_Sequence list
Fosition guide image
Highlight
Multimedia

i Feedback

Traceability of issues

_internal error correction

Instruction errors

Basis for information
meetings

QULIS in the instructions interface
Flag

Text

Vioce Recording

Categories

Instructions
Parts
Assembly errors

' Hardware
Eesentation

PDA
. Surfboard

Stationary big screens

Merification

Portable F2 button

. Different ways to log in on an assembly station




9.5 Deviations Handling Process Map
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