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The Choice of Interactive Control Systems
under Different Innovation Management Modes

ABSTRACT This paper contributes to the recent levers of (L OC) literature on the relationships
between innovation and management accounting anttaiesystems (MACS) by emphasising the importafice
the choice by which individual MACS are selectedrfteractive use. Using data from a survey-based\s on
innovation and control practices in 57 medium-si&ghnish firms, we find evidence supporting thathk)
choice of individual MACS selected for interactige is associated to a firmisnovation management mode
(IMM), and 2) the level of product innovation outfgiinfluenced by whether or not IMM and interaetiMACS
present similar cognitive models and whether thehgtication of the information contents provideyg the
interactive MACS responds to the priority needscpimed in the IMM. Our findings further indicateath
similarity in patterns between IMM and MACS does Irad to a beneficial impact on the level of inaibon
outputs, suggesting instead that it may inducerepéication of dysfunctional existing trends causgdstrategic
momentum regarding innovation.

Keywaords: control systems, management accountvgrs of control, interactive use, innovation.
1. Introduction

The relationships between formal management acetwuand control systems (MACS)
and innovation have been the object of increasmerest in a recent stream of literature. In
contrast to traditional views, a growing numberstifdies have concluded that formal MACS
may effectively contribute to the innovation effprbvided that certain conditions are met (e.g.
Simons, 1995; Chapman, 1998; Davila 2000, 2005di@al, 2001; Ditillo, 2004; Bonner,
2005; Granlund and Taipaleenmaki, 2005; Daeilal, 2005, 2008; Langfield-Smith, 2007).
Several of these studies have highlighted the agles of the attributes afse of MACS in
supporting creative innovation (Simons, 1995; Chapni998; Ahrens and Chapman, 2004).
This line of research argues that, under somesstylause, formal MACS may be dynamic,
flexible and adaptive to changing environments,levht the same time they are stable enough
to frame cognitive models and communication pastéBavila, 2005). One of the frameworks
that has incorporated differences in styles ofafsrmal MACS is Simons’ levers of control
framework (LOC) (Simons, 1995, 2000), which assdiiat the joint use and integration
between several levers (namely belief systems, demynsystems, diagnostic systems and

interactive systems) enacts a dynamic tension legtvi@mal MACS, thereby allowing firms



Word count 13,761 To appear in European AccogriRaview
Author’s pre-publication proof DOI no: 1031080/(383.80902863803

to encourage innovation while concurrently pursysng-established rules and plans. Drawing
on the LOC framework, some researchers have erafyrimvestigated the interplay between
levers (Tuomela, 2005; Henri, 2006; Widener, 200/Hhjle others have provided in-depth
insights on the features and separate effectseof/éious individual levers. Within the latter
group, special attention has been paid to interaatontrol systems (ICS) (e.g. Abernethy and
Brownell, 1999; Bonneet al, 2002; Bisbe and Otley, 2004; Naranjo-Gil and hiarn, 2007).
Despite this interest, little emphasis has yet bpkiced on the organisational factors that
influence the choice of which are tivedividual MACS selected by firms for interactivee
(hereafter used interchangeably wi@5) nor on the implications of that choice.

Building on Simons (1991), we argue in this paget tthe choice of ICS, largely
ignored in prior LOC literature, is relevant andseleves further attention. According to LOC
theory, a given firm purposefully chooses a vemitéd number of individual MACS for
interactive use (often only one) (Simons, 1991;®0® 224). Connecting arguments derived
from cognitive theories (Howells, 1995; Smahal, 2005; Bergmaret al, 2007; Birnberget
al., 2007) with arguments related to the ability of M@ mitigate the dysfunctional excesses
of strategic momentum (Miller and Friesen, 1982;Amgey and Miner, 1992; Jansen, 2004)
we consider it plausible that not all choices oSl@re equally pertinent, which will have
consequences for organisational outcomes suchrawation. Consequently, we claim that
better understanding the systematic factors adsociwith these choices as well as the
implications of these choices is of relevance tthb@searchers and managers. Hence, the
purpose of this paper is two-fold. First, it ainessexamine whether systematic organisational
factors cause top managers to make different ch@sdo which individual MACS are selected
for interactive use. More specifically, we expldhe links between the configurations of the
organisational and managerial processes by whiclovation arises (i.e. the innovation

management modes, IMM) (Rousselal, 1991; Park and Kim, 2005) and the choice of ICS.
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We express these links in terms of expected pattefrifit between individual MACS selected
for interactive use and specific IMM. Second, tpeper aims to investigate whether this
expected fit is effectively translated into benigfiemplications on product innovation outputs.
This study contributes to the emerging literatunetee LOC framework by focusing not
on the effects (separately or in interplay withestlevers) ofanyindividual MACS (vhichever
this may be) being used interactively, but on issated to the choice as to which individual
MACS is the one to be used interactively. In tleégard, more precisely, we aim to contribute
in at least three respects. First, and in cont@ashost previous studies on ICS, the object of
analysis of this paper explicitly covers severatidct individual MACS which are candidates
for interactive use (namely budget systems, bathrsmorecards and project management
systems), thus obtaining insights regarding thdiosyncrasies and their suitability for
interactive use in specific settings. Second, werek Simons’ (1991) postulate affirming that
the choice of the interactive MACS is associatedittoibutes of the competitive setting, to
attributes related to internal configurations ofamisational and managerial processes such as
IMM. Results obtained from survey responses fromrt&tlium-sized firms provide evidence
supporting that the choice of ICS is associateith¢olMM followed by firms. Third, this study
introduces a new angle in the discussion concerhiagffects of ICS on innovation. Previous
literature has investigated these effects disregardhe pertinence of the choice of the
individual MACS selected for interactive use (eBgnneret al, 2002; Bisbe and Otley, 2004;
Henri, 2006; Widener, 2007). In this paper, we addrthe implications of this choice on
product innovation outputs. Our empirical resuligpmort that fit in terms of similar
characteristics between the individual MACS selgdte interactive use and the firm’'s IMM
influences the level of product innovation output®wever, our results suggest that similar
patterns between ICS and IMM do not necessarilydgoe to beneficial implications (Miller

and Friesen, 1982; Bisbe and Otley, 2004) but nmajude instead to replication of, and
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conformity to, dysfunctional existing trends. Basmdthis finding, we introduce a distinction
between supplementary and complementary fit (Cabte Edwards, 2004) which we believe
may be useful for future MACS research.

The remainder of the paper is organised as foll&extion 2 outlines the conceptual
underpinnings of this study, introducing ICS withihe LOC framework, the choice of
individual MACS as ICS and the configurations ofNMSection 3 presents a series of testable
propositions derived from this conceptual backghuBection 4 describes the research design,
including data collection procedures and operatisation of measurement instruments. The
results of the study are presented in Section 5.cdfelude in Section 6 by discussing the

implications of the study, evaluating its limitat®and summarising its findings.

2. Conceptual background

The interactive use of control systems and itsi@mite on innovation

Management Accounting and Control Systems (MACS$¢rréo the set of procedures and
processes that managers use in order to provideabial information in decision-making,
planning, monitoring and evaluation and, ultimatety ensure the achievement of their goals
and the goals of their organizations. MACS compnmssétiple formal and informal individual
control systems that operate collectively and aependently to constitute control packages
(Otley, 1980, 1999; Chiapello, 1996; Merchant arilgy) 2007; Malmi and Brown, 2008). The
LOC framework (Simons, 1995, 2000) has highlightezlrole of packages of formal MACS in
coping with and taking advantage of firms’ inheréemsion between the need for creative
innovation and the need for the predictable acherd of pre-established goals. According to
LOC theory, this is achieved through the interptdyfour levers of control (belief systems,

boundary systems, diagnostic systems and inteeasyistems) which act as forces that operate
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in different directions and collectively createturn a corresponding dynamic tension within
the overall control package.

Developing the LOC framework, an emerging stream eaofpirical research has
investigated the joint use and integration betwksers from different angles such as the
implications of some levers on the features of wth{@uomela, 2005; Chenhadt al, 2008),
the effects of the interplay between levers on @utes (Henri, 2006) or the multiple inter-
dependencies among the levers of control and itmgilications for outcomes (Widener, 2007).
Complementary to the insights on the integratiovben levers, some studies have focused on
providing an in-depth understanding of the featuaesl separate effects of the various
individual levers. Given the relative conceptualvelty of interactive control systems (ICS)
and their expected role in encouraging innovatieddviour (Simons, 1995, 2000), it is not
surprising that they have been warranted speciaraat in recent empirical research on
innovation and strategic change (e.g. AbernethyBmodvnell, 1999; Bonneet al, 2002; Bisbe
and Otley, 2004; Henri, 2006; Naranjo-Gil and Hautm, 2007; Heidmann, 2008).

ICS are formal information systems used by manaigepgrsonally involve themselves
in the decision activities of subordinates, to dg&sC strategic uncertainties and to foster
dialogue and debateThey expand and orientate opportunity-seeking @ostide input to the
formation of emergent strategies. Thus, and inroidy with the other levers of control, ICS
eventually contribute to fostering the developn@nhnovation initiatives that are successfully
transformed into enhanced performance (Simons, ,18330). Several empirical studies have
investigated the (direct) relationships between EZf8l an array of organisational variables
related to innovation, including attributes of ngwoduct development projects (NPD),
strategic capabilities such as organisational lagrand innovativeness (i.e. the attitudinal
openness of the organization to new ideas, prodaots processes), as well as product

innovation outputs. Hence, and in contrast to tl@CLframework’s theoretical claim, the
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empirical findings of Bonneet al. (2002) suggest that the use of ICS during NPD mdwgct
constrain creativity and impede progress towardscessful innovation outputs. However,
other research has found evidence in favour ofsitige direct effect of ICS on organisational
learning and innovativeness (e.g. Henri, 2006) andstrategic change (e.g. Abernethy and
Brownell, 1999; Naranjo-Gil and Hartmann, 2007)hér study on the interplay between levers
of control and learning, Widener (2007) did notdfia direct link between ICS and learning,
but, rather, an indirect influence primarily chalthee through diagnostic systems. Some studies
have claimed that the relationship between corstystems and innovation output may not be
uniformly linear across the spectrum of innovatiéior example, Bisbe and Otley (2004)
argued that, in the case of high-innovating firfSS contribute to reducing the risk of
excessive or inadequate innovation and are, therefssociated with a decrease in the level of
innovation output; while in the case of low-innaagt firms, ICS may contribute to
overcoming organisational complacency, so thatnexadly, they are likely to be associated
with increased innovation. Overall, even thouglopLiOC literature supports the postulate that
ICS play a significant role in shaping innovatidhere is still a lack of consensus on the

specific nature of this relationship.

The choice of interactive control systems

One plausible explanation for this lack of consenisithe limited attention in prior research to
aspects related to the choice of individual forilBlCS to be selected for interactive use.
However, this limited attention is unwarranted sitige choice of ICS is a crucial aspect of the
LOC framework. LOC theory suggests it is most kkéhat, in a given firm, some of the

individual formal MACS are used diagnostically, Vehiothers are used interactively.

Attempting to use all or many of the individual M&Gnteractively for extended periods of

time would risk creating a situation of informati@verload, superficial analysis, a lack of

perspective and potential paralysis (Simons, 1p9%59). Therefore, except in situations where
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a clear strategic vision is lacking and during shpmriods of crisis, top managers introduce
interactivity within the control package througle ttieliberate choice of a very limited number
of individual MACS to be used interactively (mostem, only one) (Simons, 2000, p. 223).

Any individual formal MACS is a potential candiddte interactive use (Simons, 2000,
p. 219). However, the choice of which individual K28 is selected for interactive use is
neither universal nor inconsequential, since eactividual MACS has idiosyncratic
informational effects. Informational effects of imdlual MACS are twofold (Birnbergt al,
2007). On the one hand, individual MACS provideomfiation contents with different levels of
sophistication (Tillema, 2005) in terms of attribsitsuch as scope, aggregation and integration
(Chenhall and Morris, 1986; Bouwens and Abernet?00)? On the other hand, each
individual MACS has a different influence on howundedly rational managers use heuristics
to search for and process this information and hamagers form and use cognitive models or
mental representations of their organisations andr@nment (Markmann and Gettner, 2001;
Birnberg et al, 2007). Since ICS focus organisational attentiod get the organisational
agendas (Simons, 1995, 2000), the individual MA€EIBded for interactive use are especially
instrumental in both focusing on the informatiomismts perceived as a priority by senior
management, and in framing heuristics and cognitieeels.

In this study, we focus on three individual MACSig) according to the literature, are
widely used in practice (Chenhall and Langfield-8mi1998; Rigby, 2001; Gehrke and
Horvath, 2002; Speckbachet al, 2003; Neelyet al, 2007) and are candidates for interactive
use (i) budget systems (Abernethy and Brownell 91 @bvalesket al, 2003) (ii) performance
measurement systems (Garengfoal, 2005) such as the balanced scorecard (Kaplan and
Norton, 1996; 2000; Tuomela, 2005) or ttableaux-de-bordEpstein and Manzoni, 1997;
Bourguignonet al, 2004) (hereafter BS€)and (iii) project management systems (hereafter,

PMS) (Davila, 2000; PMI, 2004). These three indiddMACS cover different combinations
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of attributes of information contents sophisticat{®an der Veeken and Wouters, 2002; Chong
and Eggleton, 2003; Subramaniam and Mia, 2003; PXd04). The differences in the way

these three individual MACS frame information indudifferent managers’ heuristics and

cognitive representations (Birnbeggal, 2007).

Top managers appear to make different choices aghich individual MACS to use
interactively and which to use diagnostically. Thiwice is not random, but subject to some
systematic factors (Simons, 2000). Simons (19%t)ekample, found evidence supporting that
the choice is influenced by characteristics of #tmtegic setting (such as technological
dependence, regulation, complexity of value chaith @ase of tactical response). Despite this
claim, the LOC literature that has investigatedchilgystematic factors influence the choice of
the control system to be used interactively isl stdry sparse and has been limited to
characteristics of competitive markets, ignoring gotential role of the internal organisational

configurations in this respect.

Typologies of R&D and innovation management

Organisational and managerial processes of R&D iandvation tend to operate in
configurations of interconnected operating prinegplroutines and practices that commonly
occur together (Meyeet al, 1993; Fiss, 2007).Rousselet al’s (1991) offers a well-
established typology of configurations for the aergational and managerial processes through
which R&D is developed (Lichtenhaler, 2003; Parap) 2003; Park and Kim, 2005). It
defines three configurations of R&D management @lgnan intuitive, a systematicand a
strategic R&D mode) based on a number of salient charadesiselated to management
context and operating principles, routines and tmes (e.g. funding, resource allocation,
targeting, priority setting, measurement of reswdtgmluation of progress). Details of the key

characteristics of each of these three R&D modadedound in Appendix 1.



Word count 13,761 To appear in European AccogriRaview
Author’s pre-publication proof DOI no: 1031080/(383.80902863803

Typologies of R&D management configurations carktended and are useful in terms
of identifying IMM configurations of innovation magement (Nieto, 2002; Park and Kim,
2005)/ Drawing an analogy with Rousset al’s R&D management modes, innovation
management modes (IMM) are archetypes or commordguroing configurations of
organisational and managerial processes by whicbvetion arises and is managed. Hence,
three IMM can be identified. In brief, antuitive IMM conceives simple and isolated forms of
innovation initiatives in a context of lack of aategic framework for innovation management.
In the systematic IMMdecisions regarding innovation initiatives aresthotaken on a project-
by-project basis, while interrelationships amongjgets and the implications at the firm level
are not addressed. Under thwategic IMM mode, firms emphasise the interrelationships
among innovation initiatives and seek to creataaegically balanced portfolio of innovation
initiatives formulated through the integration e€thnology and business perspectives (Roussel
et al, 1991; Park and Kim, 2008).

Given the purpose of this study, we have extendedsBelet al’s framework to
incorporate the implications of top managers’ ekperinto the definition of IMM. More
specifically, external-oriented expertise (i.e. tepert knowledge, skills or experience of
individual top managers in subjects related to pobdnarket issues) (Hoffman and Hegarty,
1993) has been suggested as one of the relevaractdrastics of individual top managers in
explaining their influence on innovation (Thomas al, 1991; Datta and Guthrie, 1994;
Daellenbaclet al, 1999; Barker and Mueller, 2002; Sméhal, 2005; Bergmaret al, 2007;
Hsu et al, 2008). External-oriented expertise influences agan's stock of knowledge and
information processing capacity (Smi¢h al, 2005; Bergmaret al, 2007). This stock and
capacity make a particular difference in routined patterns of practice in the strategic IMM,
where complexity is higher because attention isused on the creation of a balanced

innovation portfolio throughout the firm. Conseqtignwe have considered it theoretically
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justified to break the strategic IMM into sirategic/non-expertMM and a strategic/expert
IMM. Under the former, external-oriented expertiaakes it possible for senior managers to
get effectively involved in the allocation of resoes to specific projects (in contrast to the
latter, where senior managers who lack an in-deptierstanding of technology and markets
are involved only in the overall assignation of a@ges to units). Furthermore, in
strategic/expert IMM, senior managers are able topgrly recognise, interpret and
discriminate spontaneous bottom-up initiatives,chkare welcome and encouraged (Goold and
Campbell, 1987; Leonard-Barton, 1995; Kanter, 2004)contrast, in strategic/non-expert
IMM, innovation initiatives have to be channelleithin previously established frameworks,
with spontaneous personal initiatives outside frasnework being considered disruptive and
potentially subject to opportunistic behaviour (fieén and Hegarty, 1993).

In establishing its own operating principles, raa8 and practices, IMM differ from
each other in three interrelated aspects. Firsth &6lM describes a different pattern of how
heuristic processes are carried out and is asedciata specific cognitive model of innovation
(Howells, 1995) by which reality concerning inndeatissues is represented and made sense
of, similarities between problems or opportunitege recognised and alternative solutions or
initiatives are brought about and considered (Temoe Pisano, 1994; Nightingale, 1998;
Markman and Gentner, 2001; Bergmah al, 2007). Second, different IMM emphasise
different perceptions of the priority needs regagdinformation contents (Park and Kim,
2005). Finally, by proposing distinct linkages amdormation flows across organisational
boundaries, each IMM frames the design and pattefngse of communication networks

differently (Rousseét al, 1991).

3. Theoretical development and formulation of hypothess

10
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Propositions Hla — H1d
Both IMM and ICS frame how boundedly rational magraguse heuristics to search for and
process information and how they represent thgjamisations and environments in cognitive
models for purposes of understanding, reasoning @ecision-making (Howells, 1995;
Markman and Gentner, 2001; Birnbezgal, 2007). Moreover, IMM influence the areas on
which senior managers are interested in focusingarosational attention on, creating
perceptions of relevance and priority needs reggrdnformation contents, and shaping
linkages and information flows across organisatitmmaindaries (Rousset al, 1991). ICS, in
turn, are instrumental in focusing organisationtérgion in order to encourage innovative
behaviours (Simons, 1995) and in acquiring, ineipg and diffusing information related to
issues perceived as a priority by top managersr{tie 2005). Thus, IMM and the interactive
use of MACS appear to be highly interrelated.

An individual MACS should be more likely to be sekdd as the ICS under a given
IMM if the heuristics and cognitive models framey the MACS are compatible with and
similar to the ones framed by the IMM (Birnbegg al, 2007; Bergmanret al, 2007).
Furthermore, the fact that each individual MACSsprds idiosyncratic combinations of the
information contents sophistication dimensions I€hla, 2005) (e.g. scope, aggregation,
integration) implies that each individual MACS idferently equipped to serve the diverse
perceived priority information needs that ariseath IMM. Under a given IMM, an individual
MACS should be more likely to be selected as th@ idt is the best equipped to effectively
provide the information perceived as a priority enthat IMM. The choice should reinforce
that ICS and IMM are mutually supportive and supmat each other. Overall, we expect that
IMM will be relevant in conditioning the choice @fhich individual MACS are selected to

introduce interactivity into the organisational toh package. We next translate this generic

11
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line of argument into a set of testable hypothé$ks — H1d which posit associations between
specific IMM and the interactive use of individlMACS.

Under an intuitive IMM, there is no long-term inratn strategy framework and
innovation activities are framed as overhead cwdteh are controlled at aggregate levels.
Senior managers decide on the aggregate fundingtetbvo innovation but participate little in
defining programmes or projects. In this IMM, topamagers use heuristics and cognitive
models that screen out information referring to fhv®ject level. They concentrate the
information search and the representation of reaégarding innovation issues in a highly
summarised overview of broad innovation featuresiaran outline of its effects on aggregate
levels of expenditure and profitability. As far @ priority information needs are concerned,
senior managers are likely to be interested in ljighggregated and highly integrated
information rather than in data at lower-level arof analysis (e.g. lower level responsibility
centres, specific projects) (Roussehl, 1991) (see Table 1).

In this context, senior managers are likely torteriested in interactively using MACS
that influence heuristics, represent reality anolvjole a structure for information storage and
retrieval (Kadous and Sedor, 2004) in a way thaivides elements for understanding,
reasoning and predicting the implications of inrnawa at consolidated levels, disregarding
details at lower levels. Budgets are unlikely toused interactively under an intuitive IMM
because the communication patterns of budget sgstemter this mode are characterised by a
top-down cascade in which each level defines howilltspend his part, with little upward
visibility and little attention from senior managent on the disaggregated budget information
(Rousselet al, 1991, p.29). In contrast, BSC, which are gengrathnstructed top-down
(Bourguignonet al, 2004), may be expected to provide holistic cagaimodels which are
particularly consistent with the heuristics and ritige models framed by intuitive firms.

Moreover, BSC present high levels of aggregatiod partray integration by highlighting

12
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interdependencies between dimensions of the firmpl& and Norton, 1996; Chong and
Eggleton, 2003; Chenhall, 2005). Consequenths flausible that firms following an intuitive

IMM are associated to an interactive use of BSE€ (sete 5). This is formalised as:

Hla: Firms following an intuitive innovation management mode are more likely to use

interactively balanced scorecards than other individual management control systems.

In the systematic IMM, long- and short-term randgnp and management instruments
in general recognise projects as discrete andndtséictivities of interest to senior managers.
Decisions are mostly taken on a project-by-profeadis and specific targets are set for each
individual project, while the interrelationships ang projects within and across businesses are
omitted. Under a systematic IMM, heuristics andrstige models are framed on a project-by-
project basis. The information about innovationt teanior managers perceive as deserving
priority attention refers primarily to facets ofetindividual project level, and communication
patterns are designed to ensure flows from eacjeqirto the top and back but not across
projects (Roussett al, 1991; Park and Kim, 2005). Since PMS represeatotiganisational
reality through a cognitive model that providedracture for information storage and retrieval
(Kadous and Sedor, 2004) at the project level higristics and cognitive models framed by
PMS may be expected to be particularly consisteatit the heuristics and cognitive models
framed by firms under a systematic IMM. In ternisrdormation contents, PMS are MACS
that present medium scope (i.e. some selecteddimaamd non-financial internal metrics), low
levels of aggregation (i.e. information at the indual project level), and low levels of

integration (i.e. little information on how the dgons made in one project influence other

13
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projects) (Van der Veeken and Wouters, 2002; PMIQ42, which responds well to the
information needs perceived as a priority undersiygtematic IMM (see Table 1). In summary,

we posit that:

H1b: Firms following a systematic innovation management mode are more likely to use
interactively project management systems than other individual management control

systems.

Firms following a strategic/non-expert IMM seek d¢ceate a balanced portfolio of
innovation initiatives. Within the constraints dexil from the senior managers’ lack of
external-oriented expertise (Hoffmann and Hegat893; Smithet al, 2005), the strategic
importance of individual projects and prioritie® astablished on a firm-wide basis; and quite
specific and precise goals are set and monitorednfbatives that fit into these priorities
(Rousselet al, 1991). Under a strategic/non-expert IMM, firmsideto use corporate-wide
heuristics and frame reality in holistic cognitiveodels that integrate local, lower-level
projects (Howells, 1995). In terms of perceptions mriority needs regarding information
contents, senior managers operating in a strateieéxpert IMM are most likely to focus
attention on information that does not require higbchnical or external-oriented expertise in
order to be interpreted. Moreover, communicatiotwneks are designed to facilitate flows
across organisational boundaries.

In such context, senior managers are likely tocsdla interactive use an individual
MACS that influences heuristics, represents reaitg provides a structure for information
storage and retrieval in a way that assists in rstaeding, reasoning and predicting
interrelationships and trade-offs across the osgdimin. Furthermore, senior managers are
likely to be interested in using interactively MAGBat present a narrow scope, focusing
primarily on internal financial data, and providetlp disaggregated (at the project level) and

aggregated (at the SBU or corporate level) inforoma{see Table 1). Non-financial metrics

14
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provided by broader scope MACS may have little ificgmce or be incomprehensible for
senior managers with limited insight into techngl@nd asset deployment, given their lack of
external-oriented expertise (Hoffmann and Hegdr®@3). In contrast, financial data may play
an important role in scanning for managers who kdkernal-oriented expertise, since financial
information is used to aggregate heterogeneousnation about a set of diverse factors into a
common dimension which is expressed in interpretélodmogeneous terms (Galbraith, 1973;
Van der Veeken and Wouters, 2002). Since budgéemgsforce sharing of information and
help achieve coordination across the organisatier¢hant and Van der Stede, 2006), are
narrow in scope (centred in financial metrics) anavide both disaggregated and aggregated
information (from lower-level responsibility censreor projects to the whole organisation)

(Subramaniam and Mia, 2003), we expect that:

H1c: Firms following a strategic/non-expert innovation management mode are more likely
to use interactively budget systems than other individual management control
systems.

While both the strategic/non-expert and the strategpert IMM share corporate-wide
heuristics and holistic portfolio-based cognitiverdels, the latter is further defined by the
senior managers’ high external-oriented expertidader a strategic/expert IMM, senior
managers are conversant with technological, mankétgeneral business aspects and therefore
do not exclude considering multi-faceted types rdbrimation as relevant (Howells, 1995;
Humphreys and Cheng, 2008). Consequently, hewisticd cognitive models under a
strategic/expert IMM may incorporate financial amdn-financial dimensions, and the
perceived priority needs regarding information eots may include both financial and non-
financial items. Because of their corporate-wideljstic approach, senior managers of firms
under a strategic/expert IMM are likely to be monerested in interactively using MACS that

present high levels of integration and aggregat®ince PMS are considered to provide low
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integration and low aggregation (Van der Veeken Afaliters, 2002; PMI, 2004), we do not
expect PMS to be used interactively in firms foliogy a strategic/expert IMM. In contrast,
both budget systems and BSC provide a scope tbatdshe interpretable by managers under a
strategic/expert IMM, and both allow for high aggméon and present high integration. We

therefore hypothesise that:

H1d: Firms following a strategic/expert innovation management mode are more likely to
use interactively balanced scorecards or budget systems than other individual

management control systems.

Propositions H2a-H2b
Momentum is a pervasive tendency or force presemrganisations by which organisations
adhere to previous directions of evolution and @e&gse in pursuing courses of actions or in
repeating patterns of change (Miller and Fries&801 Kelly and Amburgey, 1991; Amburgey
and Miner, 1992; Jansen, 2004). Strategic momenaplied to innovation (hereafter,
innovation momentum) suggests that firms with apprsity to innovate will be inclined to
become even more innovative, whereas those nobéttto innovate tend to further limit the
circumstances under which they engage in innovataiatives. In the absence of mitigating
influences which attenuate these inclinations, vation momentum can lead to dysfunctional
excesses: In high-innovating firms, there is a aékeaching too high a level of innovation in
the sense that innovation is excessive, inadequagteoduces dramatically diminished returns;
in low-innovating firms, there is a risk of innoi@t sinking to a level which leads to complete
strategic stagnation. The use of MACS can be instnial in attenuating the tendency towards
these dysfunctional excesses (Miller and Fries@82)L

Consistent with Miller and Friesen’s seminal woBi{sbe and Otley (2004) found the

influence of the interactive use of MACS on prodimctovation output to be dependant on the
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firm’s level of innovation. On the one hand, theyoyde evidence consistent with the
affirmation that, in high-innovating firms, the @mactive use of MACS is associated to curbing
innovation output levels. Building on the conceptcontrol systems as mitigators of the
dysfunctional excesses caused by strategic momeiiey argue that interactive controls help
reduce the risk of excessive or inadequate innoratirough increased initiative sharing and
exposure, and through the provision of filters. tBa other hand, and even though they found
less conclusive evidence, Bisbe and Otley (2004)gest that in low-innovating firms,
innovation may be positively associated to an adgve use of MACS since interactive
controls may contribute to overcoming organisatiormmplacency by legitimating
autonomous initiatives, introducing stimuli and yading guidance. We argue here that firms
that choose to interactively use an individual MA®Bose cognitive model and information
contents are consistent with the cognitive model te perceived priority information needs
of the firm’s IMM, will be better equipped to miage the dysfunctional excesses caused by
innovation momentum. We next formalise this genexpectation in the form of two testable
hypotheses. For that purpose, we consider thbefiveen IMM and ICS is present in a given
situation if the association between specific IMMdalCS corresponds with one of the
associations theoretically derivedHiia - H1d

In the case of low-innovating companies, we expleat the ability of the ICS to break
organisational complacency and to mitigate the é¢ang towards sinking innovation (Miller
and Friesen, 1982) will be reinforced if a compahgoses an ICS that provides heuristics and
cognitive models (Birnberget al, 2007) that are compatible with and supplemensého
provided by its IMM (Howells, 1995) and if, furthreore, the sophistication of the information
contents (Chenhall and Morris, 1986; Tillema, 20p&vided by the ICS responds to the
priority information needs perceived in the IMM (f&selet al, 1991). If there is fit, low-

innovating firms should be better equipped to effety introduce, when needed,
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legitimisation of bottom-up initiatives, stimuluagguidance (Bisbe and Otley, 2004), and the

effects of the interactive MACS in enhancing innoma outputs should be enlarged. Thus:

H2a: As far as low-innovating firms are concernedfirms in which the individual MACS
selected for interactive use fits with its innovattn management mode will present
higher levels of innovation outputs than firms in vhich the individual MACS

selected for interactive use does not fit with itsinovation management mode.

In high-innovating companies, we expect interacM&CS to help break the propensity
towards excessive or inadequate innovation indugcgdstrategic momentum (Miller and
Friesen, 1982; Bisbe and Otley, 2004). If a higmewating company chooses an interactive
MACS that provides heuristics and cognitive modBisnberget al, 2007) that are compatible
with and supplement the ones provided by its IMM{Bselet al, 1991; Howell, 1995) and,
furthermore, the information contents provided bg MACS (Chenhall and Morris, 1986;
Tillema, 2005) responds to the priority informatioeeds perceived in the IMM (Rousséll,
1991), we expect it will be better equipped to @ffesly introduce, when needed, initiative-
sharing, exposure and provision of filters (Bisbd ®&tley, 2004). As a result, if there is fit, the
ability of the interactive MACS to help curb exdessor inadequate innovation should be

accentuated and its effects in constraining inriomabutputs should be reinforced. This is

formalised as:

H2b: As far as high-innovating firms are concernedfirms in which the individual MACS
selected for interactive use fits with its innovabn management mode will present
lower levels of innovation than firms in which theindividual MACS selected for

interactive use does not fit with its innovation maagement mode.
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4. Research methodology and design

Sample selection and data collection

Empirical data was gathered via a questionnairélsgmail to a sample of CEOs of medium-
sized, mature Spanish manufacturing firms. Forphgoses of this research, medium-sized
firms were defined as those with an annual turn@fdretween 18 and 180 million euros and
between 200 and 2000 employees. In terms of libdecyirms founded at least ten years before
the survey was administered were considered todtaren Manufacturing firms were defined
as those within CNAE’'gClasificacion Nacional de Actividades Econdmic&gction D
(Manufacturing Industries). For reasons of accdgyibwe focused on firms headquartered in
Catalonia (Spain)’ Exploitation of the Dun & Bradstreet/CIDEM 2000talsase yielded 120
firms meeting these screening criteria.

Instruments documented in academic literature dlsasdheoretical input from MACS
and innovation research were used as the basianfanitial survey draft. The scale items
included in the draft were circulated among sixatats with substantive or psychometric
expertise and were pre-tested with three CEOs frdium-sized companies. Once revised on
the basis of this feedback, questionnaires wetéllited and returned by mail in keeping with
the suggestions made by Dillman (2000). Out of B8 distributed questionnaires, 57 were
returned and complet8 The process yielded a 47.5% response rate, wiictpares well with
the response rate of similar studies (Van der Se¢dd, 2007). Two-samples t-tests on means
of all measured items for early and late resporglantl the visual inspection of parallel box-
plots supported the absence of any obvious norensspbias. Support in favour of the absence
of common method variance caused by single-souawas obtained using Harman’s one-

factor test (i.e. four factors with eigenvalues)> 1

19



Word count 13,761 To appear in European AccogriRaview
Author’s pre-publication proof DOI no: 1031080/(383.80902863803

Measurement of constructs

| nteractive Use of MACS

In this study, we pay special attention to thresviidual MACS, namely budget systems, BSC
and PMS. Panel A in Table 2 reports the presendahefindividual MACS in the sampled
firms. Interactive use of the three individual MAQBder study was measured by a multi-scale
instrument developed by Bisbe and Otley (2004).sTimstrument captures properties of
interactive MACS such as the pattern of attentibsemior managers, the pattern of attention of
middle management and the presence of face-todhadlenges and debate. Properties of
interactive MACS such as focus on strategic unoeres and inspirational involvement were
omitted in this study (Bisbet al, 2007). The questionnaire items are disclosedgpefdix 2.
Factor analysis supported unidimensionality forheatthe three selected MACS (Appendix
3). Three summated scales were created by addengctires of the items related to each of the
three MACS (in those cases where an individual MAES not present, its interactive use
received a zero score). The internal consisten@ach of the three scales was assessed using
Cronbach’sa. The threea were in the 0.77-0.78 range, suggesting that ehiehility of the

constructs was acceptable. Panel B in Table 2 conteescriptives of these constructs.

I nnovation Management Modes

In order to empirically derive a taxonomy of IMMathwas theoretically grounded in the
typology proposed in Section 2, we selected thioviohg attributes i) the degree of senior
management involvement in tlalocation of resources to specific projects (Roussehl,
1991; Park and Kim, 2005) ii) the role o&cognition of the bottom-up blossoming of

autonomous innovation initiatives that emerge actbge organisation (Goold and Campbell,
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1987; Roussekt al, 1991; Leonard-Barton, 1995; Kanter, 2001) iiige tBxtent to which
portfolio techniques are used (Rousstlal, 1991; Miller and Morris, 1999) iv) the level of
precisionin project goal-setting and evaluation of progrg®sussekt al, 1991) v) the extent
to whichtechnical and businegserspectives are integrated (Rousseal, 1991; Miller and
Morris, 1999) and vi) the existence of mechanisorselvaluatingtrade-offsamong projects
(Roussekt al, 1991).

Each of these six attributes was measured on aini-phdkert scale that had two
opposed statements as anchors (see Appendix 2iéstignnaire items). Scores on these items
were then used to classify firms into groups, usingombination of hierarchical and non-
hierarchical clustering algorithms. A hierarchipabcedure (using Ward’s method for distance
measure) was first used to establish the numbeiusters and to specify initial cluster seed
points. In accordance with the indications of mogbologies of R&D and innovation
management modes, it was established that the muphli@erpretable clusters to be obtained
from the data should be in the range of two to.fWée examined all four alternatives (i.e. the
two-, three-, four- and five-cluster solutions)iged from the combination of hierarchical and
non-hierarchical procedures. After evaluating tlesults of all alternatives resulting from
hierarchical procedures, we selected the four-etustlution since it provided results that were

interpretable given the theoretical configuratiamsl given that the analysis of the alternative

clustering solutions did not raise competing intetgble results. We subsequently used a non
hierarchical procedure (k-meaBBSS’ QUICKCLUSTERwWhich uses a parallel threshold method)
to produce a cluster solution for a pre-specifiathher of four clusters: The resulting number
of firms per cluster and the descriptive statisb€variables for each cluster are presented in
Table 3.

INSERT TABLE 3 HERE
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We interpreted the results of the cluster analpsisthe basis of the values of the
clusters’ centroids, leading to the profiles sumset in Table 4. The resulting profiles could
be meaningfully related to the theoretical framdwand configurations proposed by the

typology of IMM described in Section 2, and labelksre assigned correspondingly.

I nnovation

While innovative activity takes many different fagnfDamanpour, 1991; Johanesstral,
2001; Garcia-Valderramet al, 2003; OECD, 2005), in this paper we focus speslify on
product innovation. Product innovation is underdtbere from an output perspective, and it is
defined as the development and launch of produbtshaare in some objective respect unique
or distinctive from existing products (Higgins, BDECD, 2005). The firm level is taken as
the minimum level of institutional novelty to dedirthe scope of product innovation (Kamm,
1987; Souder, 1987; Bart, 1991; Li and Atahuene&i2001; OECD, 2005).

In order to measure product innovation, we reliedtlte scale used by Bisbe and Otley
(2004), which drew on instruments proposed by Cagiaa. (1992), Scott and Tiessen (1999)
and Gemser and Leeenders (2001), and adapted thegfléct innovation from an output
perspective. The instrument consists of three itemeasured through 7-point Likert scales,
namely the rate of introduction of new productg tbndency of firms to pioneer, and the part
of the product portfolio corresponding to receridynched products. Anchors for the three
Likert scales refer to innovative / non-innovatiehaviours during the last three years in

relative terms, in comparison with the industry rage (see Appendix 2 for questionnaire
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items). Factor analysis supported unidimensionalith a 75.44% of variance explained
(Appendix 3). A summated scale was created by adthe scores of the three items and
reversed so that high scores represented highsl@fehnovation (see Panel B in Table 2 for

descriptives). A Cronbact-of 0.83 indicated high internal consistency of the sated scale.

5. Results

Table 5 provides descriptive statistics regardimgginteractive use of the three different

individual MACS captured in this study and of inatien within each of the four IMM.

In order to tesHla throughHld, we examined whether differences among pairs of
MACS within each IMM were significant. We restridteur analysis to the pairs of MACS
which corresponded to the expected differences eas/adtl from the formulation oHla
throughH1d. Table 6 reports the results of the battery ofcdébn matched-pairs signed-ranks

tests which were used to examine these pair-wisgadsons?

As indicated in Table 6, significant differencees® in the comparison between pairs of
MACS in 3 out of 4 IMM. Excluding the systematic MA(for which no significant differences
were detected), significant differences were olegbia 5 out of 6 compared pairs, all of which
were in the direction posited by the hypothesesthatlevel of the specific IMM, pair-wise

comparisons among MACS within the intuitive IMM g#gted that, as predicted bila,
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firms under this mode are more likely to use intvaly BSC than both budget and project
management systems (PMS) (p < 0.05). In contrassjgnificant differences between pairs of
interactive use of individual MACS were found iretllystematic subgroup (even though results
indicated that the interactive use of PMS is maiiyrhigher in firms under a systematic mode
than in other firms). In the strategic/non-expambgroup, as expected, firms appeared to be
more likely to use interactively budget systemstbther individual MACS. However, while
the difference with PMS is significant (p < 0.08)e difference between budget systems and
BSC is not. Regarding the strategic/expert IMM,ngigant differences arose between the
interactive use of PMS and the interactive useadh budgets (p < 0.01) and BSC (p < 0.05),
supporting the postulate that firms under this IMM more likely to use interactively BSC or
budgets than PMS. Overall, our empirical resultticated thatHla and H1d are supported,
thatH1cis partially supported, and that no supportinglerce was found in favour bifLb.

In order to tesH2 andH2b, we classified firms in two subgroups, based oetivér the
MACS chosen for interactive use coincided with itndividual MACS posited by hypotheses
Hlato H1d. Firms were classified as ‘fit’ if the MACS witlhe highest interactive use score
coincided with the theoretically derived fit progdsin the hypotheses. Thus, intuitive firms
where USEBSC > USEBUD and USEPMS; systematic finhere USEPMS > USEBUD and
USEBSC; strategic/non-expert firms where USEBUD SHBPMS and USEBSC; and
strategic/expert where USEBUD or USEBSC > USEPM$&:wtassified as cases of ‘fit' (n =
30). Otherwise, firms were classified as casesof-fit' (n = 27). We subsequently performed
two Mann-Whitney U tests; one comparing innovataores between ‘fit’ firms and ‘non-fit’
firms in low-innovating firms (innovation score median 14.00) H2a), and a second
replicating this analysis for high-innovating firnfsmnovation scores > medianHZb). As
shown in Table 7 Panel A, results suggest thatfih the low- and high- innovation sub-

samples, there is a significant difference (p 5pi@ the level of innovation between firms in
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which the individual MACS selected for interactiuse corresponds with the conceptually-
derived fit and firms in which there is no such fitnivariate results suggest that, for low-
innovating firms, innovation scores are signifidaritigher in non-fit firms whereas, for high-
innovating firms, they are significantly higher ‘fit’ firms. Multivariate results for both low-
and high-innovating firms controlling for IMM, IC&nd size (see Table 7 Panel B) were
consistent with the Mann-Whitney U results. For Jmwovating firms, the coefficient of the
variable FIT was negative and significant at p<Ol@&el. For high-innovating firms, the
coefficient of the variable FIT was positive andrsficant (p < 0.01). In summary, while the
evidence reported in both panels of Table 7 supgbg existence of significant differences in
the level of innovation between ‘fit" and ‘non-fitirms, the detected differences appeared to be

in the opposite direction of the predicted sigrat there posited in H2a and H2b.

6. Conclusion

The aim of this study is to contribute to the enmmegd-evers of Control (LOC) literature on the
relationships between innovation and managememuating and control systems (MACS) by
providing insights on the choice made by senior agans in selecting which individual MACS
are selected for interactive use (interactive adrdystems, ICS), as well as on the impact of
this choice on innovation outcomes. In particuthrs paper addresses two research questions
1) whether the choice of individual MACS selected ihteractive use (Simons, 1995, 2000) is
associated to the internal configurations of orgatiwnal and managerial processes by which
innovation arises (i.e. Innovation Management ModgdJ) (Rousselet al, 1991; Park and

Kim, 2005) and 2) whether the expected patternditobetween specific IMM and the
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individual MACS selected for interactive use aranslated into beneficial implications on
innovation outputs.

Regarding the first research question, we haveearghat the choice of interactive
MACS is deliberate and systematic and is likelyp&oassociated to the type of IMM followed
by the firm. We base this expectation on argumelasning that this choice pursues 1) the
compatibility and similarity between the heuristazsd cognitive models provided by the firm’s
IMM on the one hand, and by the MACS used intevatyion the other hand (Howells, 1995;
Birnberg et al, 2007) and 2) the ability of the idiosyncratic drhation provision
characteristics of individual MACS to effectivelgspond to the diverse perceived information
needs that arise in each IMM (Chenhall and Mor®36; Roussedt al, 1991; Tillema, 2005).
We have consequently argued that firms followingj\een IMM should be more likely to use
interactively an individual MACS (in comparison tvibther MACS) which is compatible with
and presents similar characteristics to the IMMofeed by the firm, with both IMM and
individual MACS supplementing each other and bemgtually supportive. We have
established these expected associations as sitsatidit.

This generic statement has been further develtpedgh four hypotheses that posited
specific expected directions of fit between IMM antkractive MACS (i.e. we expected firms
under an intuitive IMM to select BSC for intera@iuse; project management systems in the
systematic IMM; budget systems in the strategic/expert IMM; and budgets or BSC in the
strategic-expert IMM). The empirical evidence framedium-sized firms provided in this study
is at least partially consistent with these expgchssociations. Hence, we found results
supporting two of our hypotheses (the ones relaethtuitive and strategic/expert IMM),
partial support for the hypothesis related to thratsgic/non-expert IMM, whereas results
related to the systematic IMM were not significaDterall, the gathered evidence provides at

least partial support for the theoretical developmestablishing that firms pursue
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compatibility, similarity and mutual support betwmedVIM and ICS and that the choice
regarding the specific MACS to be used interacyivela firm is associated to the type of IMM
followed by the firm.

Our second research question referred to the etdenwhich fit between IMM and ICS
result in beneficial outcomes. Based on Bisbe anléyQ(2004), we considered that the
beneficial outcome that should be expected fronttikeretically-derived fit between IMM and
ICS is an enhanced ability to mitigate the poténtgsfunctional excesses caused by
innovation momentum (Miller and Friesen, 1982). Tésults of our study indicate that there is
in fact a significant difference in the level ofnmvation between those firms in which the
individual MACS selected for interactive use copasds with the conceptually-derived fit and
those firms in which there is no such correspondeHowever, we found this effect to occur in
the opposite direction to what we had originallggicted.

More precisely, we expected that in the case ofitovevating firms, firms which present
fit between IMM and ICS would be better equippedteak organisational complacency and,
consequently, fit would eventually result in highevels of innovation than those obtained in
absence of fit. Contrary to our expectation, wenfblow-innovating firms in which the MACS
selected for interactive use under a given IMM esponded to the conceptually-derived fit to
present even lower levels of innovation. Analogpusl the case of high-innovating firmfs,
between IMM and ICS was expected to better equipsfito break the tendency towards
excessive or inadequate innovation and, conseqgudibtivas expected to result in lower levels
of innovation than those obtained in absence ofHfdwever, we found evidence suggesting
that when the MACS selected for interactive useeura given IMM corresponded to the
conceptually-derived fit, firms were likely to pezg higher levels of innovation than firms
which did not present such fit. Altogether, ourules regardingH2a and H2b indicate that

firms in which the individual MACS selected for eénactive use fits with its IMM (i.e. IMM
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and MACS present similar heuristics and cognitivedeis, and ICS obediently provide the
information needs that are perceived as a pridaytgenior management given the emphasis of
its IMM) are less effective in mitigating the dysfitional excesses of innovation momentum
than firms in which there is no such fit.

A plausible avenue to interpret this finding istttize ability to effectively mitigate the
dysfunctional excesses of innovation momentum isenti@ely to result from the introduction
of elements which, rather than replicate and fubnform to existing patterns, introduce
diversity, offer new perspectives and even prodsmae disruption. This argument can be
related to the distinction proposed in the psyctypliterature between supplementary fit and
complementary fit (Cable and Edwards, 2004). Impgran analogy from this literature into
our discussion, supplementary fit would refer ttwaions in which entities (i.e. IMM and
MACS) possess similar or matching characterisagl the characteristics of one component
replicate to a large extent the characteristicetbér components. In contrast, complementary
fit refers to situations in which the weaknesses@ual needs of one entity are offset by the
strengths of other entities. In our theoreticalelegment, we implicitly framed our hypotheses
in terms of supplementary fit. The evidence we Hawad at least partially supports the set of
hypotheses that postulate that IMM are associaiethd interactive use of those individual
MACS which provide supplementary fit. However, otindings indicate that this
supplementary fit does not in fact lead to an enbdrability to mitigate the dysfunctional
excesses of innovation momentum, but rather may teats reinforcement. Our results allow
us to speculate that this ability is more likely aase from the richness derived from the
introduction of elements that do not fully confotmexisting patterms and offer instead new,
complementary perspectives (i.e. complementary fite leave for future research the
development of theory and empirical evidence camnogrthe implications of the distinction

between supplementary and complementary fit.
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Several limitations of the current study may beedotBy concentrating on ICS, this
study does not permit analysis of the interplayveen diagnostic MACS, interactive MACS
and the other MACS within the control package (@tl@980; Merchant and Otley, 2007;
Widener, 2007; Malmi and Brown, 2008) Moreover,dtess-sectional nature does not allow
for a process-based understanding of the dynanfigheochoice of the ICS. Our findings
provide useful insights that could form the basisfiiture qualitative research examining the
dynamics of the process by which an individual MAGBSchosen for interactive use under
different IMM, as well as the dynamics of the inggliions of this choice regarding innovation
momentum. Finally, given the limitations in samplee, and the specificities regarding firm
size, industries and location, generalisation efrésults should be done with caution.

Despite these limitations, this paper contributeghie development of LOC theory by
emphasising the relevance of the choice of indaiddACS to be used interactively. This
issue, crucial in LOC theory, had been under-rebear in prior empirical literature. The
results presented in this study contribute in tleigard on several grounds. First, we have
covered several individual MACS that are candid&tesnteractive use, which has allowed us
to highlight the idiosyncrasies of each individb&ACS should it be selected for interactive
use. Second, we have developed LOC theory’s claanthe choice of ICS is not random but
systematic by providing evidence which supportg tha choice of ICS is associated to the
configurations of organisational and managerialcpsses through which innovation arises
(IMM). Moreover, we have introduced a new angl®itite discussion about the effects of ICS
on innovation by concluding that innovation outpevels are affected by the presence or
absence of fit between the IMM followed by a firmdathe individual MACS selected for
interactive use. Finally, the results of our stedggest that supplementary fit between IMS and
ICS may not be instrumental in mitigating the dysfiional excesses of innovation

momentum, but instead may reinforce the tendenwmards them. Overall, we expect our
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findings to contribute to the awareness of the irtgoe of the choice of the individual MACS
selected for interactive use within the LOC framewd-uture LOC studies should strive to
integrate issues surrounding ICS choice with researto the interplay between levers. We
belief that this integration will enhance the diliof researchers to capture how firms
successfully manage the tension between the neethdopredictable achievement of pre-
established objectives and the need for creatigevation and how the management of this

tension is ultimately reflected in long-term perfance.
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Appendix 1. Roussekt al’s framework of R&D Management Modes

Intuitive mode

Systematic mode

Strategic mode

Context No long-term strategic . Transition state . Holistic strategic framework
framework . Partial strategic framework
R&D is an overhead cost
Philosophy R&D decides future . Judge-advocate . Partnership

technologies
Business decides current
technology objectives

management/R&D relationshi
Customer-supplier
business/R&D relationship

D

Organisation

Emphasis on cost centres a
disciplines
Avoid the matrix

nel

Centralised and decentralised
Matrix management of project

Breaks the isolation of R&D

Technology/
R&D strategy

No explicit link to business
strategy

Technology first, business
implications later

Strategic framework by projec
No integration business- or
corporatewide

e

Technology/R&D and
business strategies integrat
corporatewide

ed

Lacking combined

Distinguish between types of
R&D

Combined R&D/business

n

Operating principles, business/R&D insight insights across the spectrun
routines and practices Fatalistic «  Combined business/R&D
insights at project level
Funding Line item in annual budget | « Funds based on needs and rigle Varies with technology

Fund what you can afford

sharing
Different parameters by R&D
type

maturity and competitive
impact

Resource allocation

At the discretion of R&D
No upward visibility

To fundamental R&D by
central R&D management
To other R&D jointly by
customers and suppliers
separately in each area

Based on balancing of
priorities and risk/reward
trade-offs across areas

Targeting

Is anathema for fundamentd
and radical R&D

Business and technological
objectives sequential

Consistent business and R&D
objectives by project for
incremental and radical R&D
Targets precisely defined

All R&D has defined
consistent business and
technological objectives
located within a firm-wide
portfolio

Targets precisely defin

Priority setting

No strategic priorities
Priorities vary with
operational circumstances

For fundamental R&D by
central R&D management
For other R&D jointly by
customers and suppliers
separately in each area

Across areas, according to
cost/benefits and contributiq
to strategic objectives

=]

Measuring results

Expected results not
precisely defined
Measurements often
misleading

Expected results precisely
defined at the project level
Quantitative for incremental
R&D

“Market intelligence gap” for
radical R&D

Expected results precisely
defined

Portfolio perspective
Against business objectives
and technological
expectations

Evaluating progress

Ritualistic and perfunctory
Periodic

Formalised peer reviews
Good communications with
businesses for incremental an
radical R&D projects

Regularlyandwhen external
events and internal
developments warrant
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Appendix 2. Questionnaire Iltems

Innovation

(In comparison with the industry average).

(1) During the last three years we have launcheaymaw products (new to the firm) vs. (7) few new
products.

(1) In new products, we are very often first-to-kervs. (7) very rarely first-to-market.

(1) The percentage of new products in our prodactfgio is much higher than industry average vs.
(7) is much lower than industry average.

Innovation Management Modes

(1) 'am involved in the overadillocation of resources to innovation, but not in the decisiabout the
specific project lines to which these resourceshelallocated vs. (7) | am involved in the chaide
innovation lines as well as in the decisions alspetific projects to which these resources will be
allocated Allocation).

(1) Innovation always takes place within a previggstablished framework. Spontaneous personal
initiatives disrupt this framework. vs. (7) Innoiat often arises from spontaneous personal initati
For me, it is essential to identify and supporthsinitiatives Recognitioi.

(1) When approving, measuring results of or evalgatn innovation project, decisions are based
above all on the specific features of that indigldproject vs. (7) decisions are based aboverathat
project’s place in our project portfoli®¢rtfolio).

(1)For every project, we always quantify precisgotives (e.g. time, cost, quality) and measure our
progress in relation to those objectives vs. (1§ tommon that for some projects we do not quantif
precise objectives and consequently we do notvelip progress towards these objectiviereision.
(1) Managers of innovative units should competentinage their area. It is not their role to have an
overall vision of the business, nor contribute ¢égiding the general innovation policy vs. (7) Apart
from competently managing their area, managersraivative units should have an overall vision of
the business and contribute to shaping the geimeravation policy Tech/Busk
(1) When we are planning, the decision about whitticular project should go ahead is taken within
each area. vs. (7) is taken globally. We comparevation projects from different areas and priseii
among themXrade-off3.

Interactive Use of MACS

Is some kind of budgetary system (definition ingddin original questionnaire) used in your company?
(Yes/no). If yes, theffib. id. for balanced scorecard-tableaux de bordather multidimensional performance
measurement systems and for project managemeatrs)st

(1) Only when there are deviations from plannedgumance are budget follow-up reports the main
subject for face-to-face discussion with my exaeuteam vs. (7) Whether there are deviations from
planned performance or not, budget follow-up repare the main subject for face-to-face discussion
with my executive team.

(1) I pay periodic or occasional attention to budde.g. setting objectives, analyzing perioditofat
up reports,...) vs. (7) | pay regular and frequetgrdion to budgets. | use them permanently.

(1) For many managers in my company, budgets regugriodic or occasional, but not permanent,
attention vs. (7) In my company, budgets requinena@ent attention from all managers.
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Appendix 3. Factor Analysis* and Reliability Analyss

Variable Iltems in questioraire Factor 1
face-to-face challenge on a continuous basis 0.854
Interactive Use of permanent personal attention by the CEO 0.871
Budgets permanent personal attention by managers 0.755
(USEBUD) Eigenvalue 2.06
% of variance 68.60%
Cronbach’sa 0.77
face-to-face challenge on a continuous basis 0.832
Interactive Use of permanent personal attention by the CEO 0.854
MACS Balanced Scorecards | Permanent personal attention by managers 0.819
(USEBSC) Eigenvalue 2.09
% of variance 69.75%
Cronbach’sa 0.78
face-to-face challenge on a continuous basis 0.770
Interactive Use of permanent personal attention by the CEO 0.879
Project Mgmt.Syst. permanent personal attention by managers 0.879
(USEPMS) Eigenvalue 2.13
% of variance 71.24%
Cronbach’sa 0.78
rate of introduction of new products 0.856
| ti tendency of firms to pioneer/being first-to-market 0.859
nnovation % sales from recently launched products 0.891
('NNOV) Eigenvalue 2.26
% of variance 75.44%
Cronbach’sa 0.83

* Factor loadings based on principal component aisalg®tated solutions using VARIMAX.

For individual MACS, unidimensionality and reliabjl of the constructs related to interactive useenessessed taking into account the
observations from the full sample that reportedise that individual MACS (n = 55 for budgets; n 5 #r BSC; n= 36 for project
management systems). The rationale for ignoringusats was to avoid a potential bias towards urédsionality and high reliability
just because all items for non-users were systeaiBtiscored as zero. Inclusion of all cases algiperted the dimensionality structure

and reliability analysis presented here.
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Table 1. Innovation Management Modes and attribute of sophistication (information contents)

) Attributes of sophistication o
Innovation (information Content) Individual MACS
Management Modes (IMM) Scope Aggregation  Integration | Selected for interactive use
Intuitive Broad Aggregated High Balanced Scorecards
Systematic Medium Disaggregated Low Project Management Systems
Disaggregated

Strategic/Non.expert Narrow and Aggregated High Budget Systems

Narrow Disaggregated Budget Systems

Strategic/Expert or Broad and Aggregated High or Balanced Scorecards

of individual MACS
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Panel A Are ....... present in the firm ?
Number of selected MACS Budget Balanced Scorecards | Project Management Systems

that are present Systems (BSC) (PMS) # firms
3 Yes Yes Yes 30
2 Yes Yes No 14
2 Yes No Yes 6
2 No Yes Yes -
1 Yes No No 5
1 No Yes No 1
1 No No Yes -
0 No No No 1

Total firms = 55 Total firms = 45 Total firms = 36 57

Table 2. Descriptive Statistics of Interactive Usef MACS

Panel B

Theoretical Min

Max Mean Std Median

Range

Dev

Bivariate Spearman
Correlations

(4) Innovation (INNOV)

(1) Interactive Use of Budgets (USEBUD)

0.00-21.00 0.0019.00 12.47 4.40 13.00

(2) Interactive Use of Balanced Scorecards (USEBSC0.00-21.00 0.00 21.00 10.94 6.42 13.00
(3) Interactive Use of Project Mgmt.Systems (USEpPMS).00- 21.00 0.00 18.00 8.05 6.70 10.00

3.00- 21.00 5.00 21.00 14.12 4.45 14.00

(V) @ @)

0.432**
0.351** 0.382**
-0.01

-0.224 0.117

n=57; *, ** Significant levels at 5% and 1%, respeely (two-tailed tests)
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Table 3. Comparison of items scores between clusser

Clustef n Allocation  Recognition Portfolio  Precision Tech/Buss Trade-offs
1 7 Mean 4.43 4.14 2.71 571 3.29 3.57
Std.Dev. 1.27 1.57 0.76 0.95 1.38 1.27

Median 4.00 4.00 3.00 6.00 3.00 4.00

2 8 Mean 6.38 3.50 2.50 1.88 3.75 4.88
Std.Dev. 0.74 0.53 1.41 0.64 1.67 1.89

Median 6.50 3.50 2.00 2.00 4.00 5.50

3 13 Mean 2.38 3.46 4.00 3.77 5.15 5.38
Std.Dev. 1.04 1.13 1.53 1.59 0.99 1.04

Median 2.00 4.00 4.00 4.00 5.00 5.00

4 29 Mean 6.00 5.52 5.28 3.34 6.10 5.55
Std.Dev. 0.85 1.24 1.13 1.72 0.72 1.18

Median 6.00 6.00 6.00 4.00 6.00 6.00

Total 57 Mean 5.04 4.60 4.28 3.53 5.21 5.18
Std.Dev 1.80 1.51 1.66 1.78 1.48 1.40

Median 6.00 4.00 4.00 4.00 6.00 5.00

Kruskal-Wallis test Chi-square 35,808 23,704 25,667 17,354 28,980 10,483
(df=3) Sig. .000 .000 .000 .001 .000 .015

* 1 = Intuitive; 2 = Systematic; 3 = Strategic/NonpEx; 4 = Strategic/Expert
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Table 4. Interpretation of the clusters representig Innovation Management Modes

Intuitive Systematic Strategic / Strategic /
(n=7) (n=8) Non-expert (n=13) Expert (n=29)
Sgnior management involvement Overall Allocation to Overall Allocation to specific
in the allocation of resources allocation specific projects Allocation projects
to specific projects
Role ofrecognition Non-recognition of Previously Previously established Framework +
of bottom-up blossoming spontaneous established framework Recognition of
of innovation initiatives initiatives framework spontaneous initiatives
Extent to which Decisions based on Decisions based on Decisions based on a Decisions based on a
portfolio techniques are used an individual an individual project portfolio-basis project portfolio-basis
project-basis project-basis
Level of precision
in project goal-setting Least precise Most precise Quite precise Quite precise
and evaluation of progress
Extent to which Low Low Moderate/High High
technical and business integration integration Integration integration
perspectives are integrated
Existence of mechanisms Priorities within Priorities within Priorities across areas  Priorities across areas
to evaluatetrade-offs areas areas

among projects
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Table 5. Medians of construct scores by InnovatioManagement Mode

I nnovation Management Modes

Full Intuitive ~ Systematic ~ Strategic/  Strategic/
Non-Expert Expert

sample

n =57 n=7 n=238 n=13 n=29
Interactive Use of BudgetsSEBUD) 13.00 8.00 12.00 15.00 13.00
Interactive Use of Balanced ScorecaaseBSC) 13.00 13.00 12.50 14.00 11.00
Interactive Use of Project Mgmt Syste(nsePMS) 10.00 0.00 11.50 11.00 9.00
Innovation(INNOV) 14.00 14.00 15.50 13.00 15.00

Table 6. Differences between pairs of Interactive &k of individual MACS within Innovation
Management Mode8

Innovation Management Mod¢ Comparison between Interactive Use z Sign.
(Hypotheses) of particular MACS
Intuitive (H1a) Balanced Scorecards vs. Budget Systems 1.75 0.040%
Intuitive (H1a) Balanced Scorecards vs. Project Management 2.03219.
Systemati¢H1b) Project Management vs. Balanced Scorecards 0.174330.
Systemati¢H1b) Project Management vs. Budget Systems -1.45 0.074
Strategic/non-expefHlc) Budget Systems vs. Balanced Scorecards 0.71  0.238
Strategic/non-expefHlc) Budget Systems vs. Project Management 2.10 0.018*
Strategic/expertH1d) Balanced Scorecards vs. Project Management 1.99269.
Strategic/expertH1d) Budget Systems vs. Project Management 2.92 0.002**

2 Wilcoxon matched-pairs signed-rank test for the iaredifference of external variables within inndeatmanagement modes
*, ** Significant levels at 5% and 1%, respectivébne-tailed tests)
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Table 7. Tests for differences on innovation betwaenon-fit and fit firms

Panel A: Mann-Whitney U test for the differencesimmovation between non-fit vs. fit in low- and
high-innovating firms.

Low-innovating firms High-innovating firms
Non-fit Fit Non-fit Fit
n=16 n=15 n=11 n=15
Innovation median 11.50 9.00 18.00 19.00
z -1.716 * -1.941*

* ** Significant levels at 5% and 1%, respectivébne-tailed tests)

Panel B: Multiple regression of innovation on fitiuding control variables.
Y =a + BFIT + S,ICS +AdMMdummieg + S6SIZE +&

Low-innovating firms High-innovating firms
Predicted Coefficient t-Stat Predicted Coefficient t-Stat
Sign sign
Constant 3.47 ** 8.31 *
FIT + -0.445 -1.82 * - 0.502 334
ICS -0.189 -0.93 -0.444 -2.83 *
IMM 4 -0.107 -0.48 0.200 1.38
IMM , -0.308 -1.23 0.134 0.74
IMM 5 -0.229  -0.96 -0.244 -1.61
SIZE -0.262 -1.31 0.056 0.34
R2(Ad)) 0.015 0.505
F-stat 1.076 5.244 o
Max_VIF 1.844 1.659

Dependent variable = INNGMor low-innovating firms (to correct for mild netijze skewness in this sub-sample); INNOV
for high-innovating firms; FIT = Dummy variable thequals 1 if the firm was classified as fit; Oathise; ICS = Interactive
use of the individual MACS (USEBUD, USEBSC or USEPM8jtttheoretically corresponds to the firm's IMM; M =
Three dummy variables for the four Innovation Maragnt Modes; SIZE = Ln(Sales in millions of euros).

* ** Significant levels at 5% and 1%, respectivélyne-tailed for the variable with predicted sigwo-tailed otherwise).
Standardized coefficients are presented for akpeeshdent variables.
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! The difference between diagnostic control systants ICS is not in their technical design featubes,solely
in the way that manageutsethese systems. In contrast to diagnostic conyrgtess, ICS are characterised by
properties such as an intensive use by senior neasiagn intensive use by middle managers, a nasin,
facilitating and inspirational personal involvemdmt senior managers, a focus on strategic uncédsjrand
the presence of pervasive face-to-face challenggslabate (Simons, 1995; 2000; Bigheal, 2007).

2 Ambiguous findings may potentially be explaineddifferences in the conceptualisation of what ciomsts an
ICS. If the definitions of what constitutes an I€@8lude only a narrow subset of its theoreticalpanies,
subsets may vary across studies, and ICS may liekaisfor other constructs such as mere intensseeou
mere participative use (Bislet al, 2007).

® According to the LOC framework, while any indivelUMACS can potentially be used diagnostically aslw
as interactively, individual MACS present in thentrol package of a given firm are used, exceptaiter
exceptional circumstancesither diagnosticallyor interactively (Simons, 1995, p. 103 and 120; 2420124
and 208 italics in the original). Nevertheless, some awh(i.e. Tuomela, 2005;Widener, 2007) have pointed
out that individual MACS can simultaneously be ubethin an interactive and in a diagnostic manner. Base
on LOC theory, potential explanations for this dig@ncy include the following: 1) the object of ks
covers only one individual MACS, which makes ittvally impossible to comparatively detect diagnosses
in some individual MACS and interactive uses inestidividual MACS; 2) the nature of the MACS under
analysis (e.g. performance measurement systempoibroad (with many subsystems within, some used
interactively, some diagnostically); and 3) the amptualisation of the constitutive properties o513 not
stringent enough (see Note 2).

* Scopeof a particular MACS refers to focus and quangifien (we have ignored the time horizon sub-
dimension in this study). Narrow (broad) scope MA@®vide information that is internally focused and
financial (related to both the internal and theeex&l environment and including both financial arah-
financial measurementspiggregationrefers to the degree to which data is processedsantmarised to
provide summated information. Hence, low (high) reggtion refers to systems that only provide beei,
unprocessed data at lower-level units of analysjstéms that provide processed data that is aggkga
higher-level units of analysis). Finallyntegration refers to the provision of information as to hoket
decisions made in one department or area may mflughe performance of other departments, areas or
activities (Chenhall & Morris, 1986; Bouwens andetdethy, 2000).

® Hereafter, we use “balanced scorecard” (BSC) fier te multi-perspective performance measuremestesys
in generic terms. Therefore, BSC as defined heraatmeed to follow the exact procedure as sugddsye
Kaplan and Norton (1996, 2000). For purposes of #iudy, summarized, multi-perspective sets of both
financial and non-financial indicators that aimdapture the extent to which strategic objectives laging
achieved, are labelled as BSC.

® Organisational and managerial processeser to the routines, operating principles antteuas of practice
within a firm. Rather than modular or loosely-caglentities that operate in isolation, organisaicand
managerial processes are better understood astiogeira organisational configurations, each confaion
representing a coherent multidimensional constetlabf conceptually distinct routines, operatingnpiples
and patterns of practice (Meyetral.,1993; Fiss, 2007).

"While we extend R&D and R&D departments in Roussell's framework to innovation and innovative units,
we acknowledge that innovation is not necessarilyimated or developed within an R&D departmenfrom
R&D activities (Von Hippel, 1988; Escorsa and VaR03). In fact, studies on technological innowatare
experiencing a paradigm shift from R&D managemerkriowledge management. Even so, frameworks that
link knowledge management, R&D management and iatimv management (e.g. Nieto, 2002; Park and Kim,
2005) have often drawn upon Roussetlal. (1991) typology. Some authors have proposed nefamgs or
extensions of Roussel al’ s typology (Rogers, 1996; Liyanage al, 1999; Miller and Morris, 1999; Park
and Kim, 2005), but consensus regarding these atilaps, and consequently their influence, is Biilited.

8 Even though typologies of R&D modes and IMM carititerpreted as chronologies of generations assatia

to specific periods of time in an evolutionary pees, they can be alternatively interpreted as nwps
configurations which can co-exist at a given momartime across firms that follow different orgaati®nal
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patterns. For example, consistent with this lastgproach, Rousselt al (1991, p. 25) point out that “as we
look on today’s industrial scene, we see [the] éhgenerations of R&D management in practice”. his t
study, we adopt this latter approach, and theredapect the different IMM to coexist contemporaiiitythe
industrial setting.

° In order to control for undesired effects relatedelationships with headquarters, subsidiariesioitinational
companies (MNC) with headquarters outside Spairevescluded, since most often these companies do not
locate research centres and innovation activiieSpain. Even though there are some significanggtians,
most Spanish subsidiaries of MNC headquarteredidmutSpain engage in advanced manufacturing or
commercial activities related to innovative advahpeoducts developed abroad rather than develdpbieig
own innovations (Buesa and Molero, 1998; Hermqas2@01).

% The firms in the resulting useable sample repteservariety of industries, including chemical and
pharmaceutical (11 firms), textile (7 firms), fo@hd beverages (6 firms), manufacturing of mechénica
equipment (6 firms), metal manufacturing (6 firmshanufacturing of electrical equipment (5 firms),
automobile supplies and parts (4 firms) and miaoelbus (12 firms). Average sales are €57.5 million
(minimum €18.63, maximum €165.28 million) and thermge number of employees is 386 (minimum 204,
maximum 800).

' Hierarchical agglomerative techniques using Wamsthod indicated similar percentage changes in the
agglomeration coefficient across the relevant ramfenumber of clusters. Visual inspection of the
dendrograms did not provide either a clear-cut disi selecting a number of clusters to be formed.
Therefore, cluster centroids from the hierarchresiults for 2, 3, 4 and 5 clusters were respegtiuskd as
initial seed points for the respective non-hieraa@hclustering procedures. The four-cluster solutivas
selected since it was consistent with the resdlthe analysis and was theoretically interpretabieorder to
test robustness, we engaged in a two-step sehsitvialysis. First, we ran six alternative hierécah
clustering procedures excluding one of the sixaldds used to form the clusters at a time. Basethen
agglomeration coefficients and the dendrogram$, dut of 6 computations the four-cluster solutionfaced
as appropriate and was theoretically interpreté®éeond, we replicated the non-hierarchical prosd(pre-
specifying four clusters) with subsamples resulfiogn a random split. We evaluated the congruemteden
the assignment of observations to clusters usiagahdomly split subsamples and the assignmeritistecs
in the full-sample solution, obtaining 74% coingide in the assignment of observations to clus#ér8.66;
p<0,001).

2 IMMs and ICS have different natures. While IMM regent a limited number of equilibrium states that
largely path-dependant (Roussel et al., 1991; BackKim, 2005), the interactive use of a particlWekCS
can be adjusted or fine-tuned incrementally in atiooious progression (Simons, 1995). Consequenity,
ruled out a configuration approach to fit and thedicted association between IMM and ICS is spedifis a
Cartesian fit (Gerdin and Greve, 2004, 2008)
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