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Abstract: This paper focuses on the issues of coopetitiategty implementation as well as on
the evaluation of the potential limitations of tlekassical economics of complementarities
approach and apparatus as applied to this field@anaanagerial settings in general. Coopetition
strategies’ motivations in fact are funded on theaept of complementarity. However, this paper
maintains that a closer look at the complementassgyes in coopetition is needed in order to
avoid pitfalls in reaping the benefits of coopetiti and at the same time points out that the
classical economic definition of complementarityegents shortomings in mirroring real
managerial situations. In order to achieve suchlt®sthe paper develops a situated model of a
coopetition strategy implementation and evaluategobtential unintended effects of this strategy
on firm performance, as well as the applicability @ managerial setting of the concept of
complementarity as defined in classical terms.

INTRODUCTION

Economics research has rather recently devotedwezheattention to the issue of
complementarity, and a new body of literature emédrgn the basis of some seminal work from
Topkis (1978; 1995; 1998) and Milgrom and Robe®890; 1995) which spurred various
management research applications too (Porter, Rigge2000), establishing a commonly
accepted definition of complementarity in manadestiadies. This very notion and definition of
complementarity is here being scrutinized in agian to managerial issues, as for example it
does not encompass the existence of thresholdteffeccomplementary variables and thus
advocates for continuous increases of the variatdemaximize system output. This paper
intends to model the effects of complementarityaimanagerial setting, in order to test the
applicability of a classical complementarity defiom to managerial issues. The model
application depicts the effects of a coopetitiaratsigy at single partner levd@lhe very concept
of coopetition is founded on the complementaritgdzhnature of this strategy (Brandenburger,
Nalebuff 1996). However, coopetition research havoted relatively little attention to
complementarity issues and their impact on codpatitesults. By bridging the coopetition and
economics of complementarities research fieldss ffaper develops a model representing a



classical optimization problem in complementarit@s applied to coopetition, in order to
evaluate potential risks deriving at operationaklefrom implementing a coopetition strategy.
The model here developed is a situated one andssedoon empirical data from a longitudinal
case study of coopetition in the mineral water soff drinks industry. The managerial situation
modelled not only represents a real case exampialfo mirrors a managerial situation which is
frequently used as an exemplary instance of a cammghtarity system setting, namely that of
manufacturing flexibility vs. product variety deias problems. The results of the study highlight
a potential risk of coopetition strategies, nantahgsholds effects, as well as the associated risks
a wrong understanding of complementarities in apetibon setting may entail. Results also
show how in a classical complementarity settingwepla thresholds can ensue, contrary to what
stated in complementarity literature and as oppdsedhat entailed in the very definition of
complementarity in classical economics. Thus thpepaoints out the need for both a more
careful evaluation of the role of complementariiie® coopetition setting, and the development
of a definition and analytical treatment of compésnarities that is more geared to the
managerial, rather than economics, setting.

Coopetition has been defined as a frame in whichsfi strive to create value by
encompassing both competitive and collaborativéames in a relationship (Brandenburger &
Nalebuff 1996a; 1996b). Through coopetition stregeg firms strive to create value by
complementing each other’s activity at some pofrtheir value chain, while competing at other
points (Bagshaw & Bagshaw, 2001; Nalebuff & Brarulexger, 1997; Wilkinson & Young,
2002; Walley, 2007). In their groundwork on coopeti, Brandenburger and Nalebuff define
their main conceptual framework, the Value Netgdasn the very concept of complementarities
(1996a). Complementarities between firms’ actigitensue when by doing activities A and B
together, the outcome will be higher then if thegrevperformed separately (Siggelkow 2002b).
The concepts of interdependence and particularlgavhplementarity lie at the heart of the
concept of coopetition, as firms engage in thiateffy with a view to reaping the outcomes of
such complementarity between some of their activéiglms, by ways of synergies creation
and/or value enhancement (Brandeburger & Nalel®8f71Lado, Boyd, & Hanlon 1997; Padula
& Dagnino 2007; Walley 200%) Economics research has rather recently devoteewed
attention to the issue of complementarity, and & hedy of literature emerged on the basis of
some seminal work from Topkis (1978; 1995; 1998) afilgrom and Roberts (1990; 1995)
which spurred various management research applicatioo (Porter & Siggelkow 2000;
Camuffo, Furlan, Romano & Vinelli, forthcoming). 8tonomics, two or more components of a
firm’s organizational or strategic design are cdastd to be complements if doing more of one
increases the marginal profitability of the othgr($he definition mirrors the concept of
complementarity as defined in managerial literatarel more particularly as built upon in
coopetition literature (Camuffo et al. forthcomi@pnel & Rocco 2007; Siggelkow 2002; Porter
& Siggelkow 2000; Brandenburger & Nalebuff 199689@b). The economics approach to
complementarities helps in modeling how the elesehta firm strategy and structure are linked
to one another and, using comparative statics teedalsed on supermodularity mathematics
how change in a strategy based on complementaritight affect firm structure and results.
(Brynjolfsson, Renshaw, & Van Alstyne 1997; Porg&rSiggelkow 2000). As the field of
coopetition is called to explore more rigorous,nal research approaches (Padula & Dagnino

! For a review on coopetition motives, see Walle§20
2 Please refer to the following section of the papera basic treatment of comparative statics aqmesnodularity
as applied to managerial research.



2007; Walley 2007), the apparatus offered by thenemics of complementarities provides a
conceptually fitting field. Despite the evidentdge between these two areas of research, the
economics of complementarities has as yet only malty entered into coopetition studies
(Arora & Gambardella 1990; Bonel & Rocco 2007). ¢lieve applying the concept of
complementarities to the field of coopetition mi¢grd to relevant advances in the latter, and yet
at the same time contribute to the debate on tpécapility and limitations of the economics of
complementarities approach as illustrated in thlevieng paper section (Gino & Warglien, 2004;
Porter & Siggelkow 2000; Siggelkow 2002b).

In this paper, the research question is basedeissine of complementarity in coopetition,
with a twofold objective. First, based on the cqtaa complementarity as a grounding element
in coopetition strategies, a situated, case-basedehof coopetition strategy yield at a single
partner level is developed. Second, by leveragimghe formal treatment of complementarities
recently developed in economics research, the palpertests, through the situated model, the
assumptions underlying this theoretical body ofeaesh over a coopetition application. In
particular, the model tests the results in termeaainomic value creation of a production-based
coopetition strategy, and the existence of thresflects in coopetition. Results import both
empirical and theoretical implications. On the ngaral side, the situated model suggests that
managers should be wary of the shaping of the cormghtarities embedded in their coopetition
strategies, so as not to incur into threshold &fever the complementary variables making up
their strategy, that might depress rather than meehaalue creation. As for theoretical aspects,
this situated model points out some limitationgha assumptions underlying the economics of
complementarity approach and suggest that thesgddsbhe addressed if this approach is to have
the applicative power it strives to achieve (Milgr& Roberts 1995). In this sense, the paper
also suggests that coopetition research might etk well-suited area for theory development in
the economics of complementarity field, and a fieldich would benefit from a more formal
approach to research.

In the study, the concept of complementarity isliagpto a longitudinal case study in
coopetition which is used in order to develop aa#d model of coopetition gains and to test
threshold effects in coopetition and in complemetits. Previous research shows that threshold
effects in the complementary variables making gp@petition strategy are an important class of
unexpected risks of coopetition which might leaddwer firm performance (Bonel & Rocco
2007). This situated model of coopetition yieldgeiages on case study findings related to a soft
drinks and beverages firm engaging a coopetitioatesjy. As the strategy of the analysed
company is mainly production-based (a common gettincoopetition: Annika 2008; Padula &
Dagnino 2007), a model of the coopetition strategy implemented at production level is
developed, the results of the strategy in termthefachievable production economic yield are
tested. Thus the case study is used for theoryrgéoe and to build a situated model to simulate
the potential effects of complementarities in cdijom strategy. As companies engaging in
coopetition must decide how much to do so in otdeoptimize this strategy’s value creation
potential, the model is geared to simulate theltesfi such optimization over a production-based
coopetition strategy. The optimization simulationows that the degree of intensity of a
coopetition strategy might have an effect on thHeesareated by the strategy itself. The strategy
can display threshold levels in the complementanyables it is based upon which if surpassed
might lead to suboptimal results and lower, rathan higher, value creation for the firm.

In order to introduce the model and its resultg toncept of complementarity is first
presented, then discussed with reference to itpepties and limitations in application to a
(generic) strategic as well as to a coopetitiveirggt Having discussed the limitations of a



classical, economics approach to complementarities,paper proceeds to present a situated,
case-based model of a production-operations deekiproblem stemming from a typical
coopetition setting. The model and its prelimineggults are then presented and limitations are
discussed, along with research next steps. Comgudimarks on the role of formal research
approaches and particularly of modeling in the tyaent of coopetition research, as well as on
the role of coopetition as a testing arena forabbeancement of the field of complementarities
economics, close the paper.

COMPLEMENTARITY ELEMENTS

Complementarity among productive factors or inm#ts be observed when the level of a
given productive factor affects positively the maad productivity of other productive factors.
Concepts of positive interaction such as synergigsvalue enhancement can be reconducted to
the category of complementarity. Literature on ctamentarities has flourished over the last
decade in both economics and management researc¢hisl section a review of the classical
concept of complementarities as proposed in thenaoas research field is presented. The
review points out its potential towards a more fakrtreatment of coopetition issues, to then
discuss its limitations when it be applied to moranagerial settings. This will in turn allow to
explain, contextualize and comment the coopetithrmalel develop in the following section.

The recently developed literature on the econowmicomplementarities attempts to model
interdependencies by relying on peculiar assumgptibat employ the mathematics of lattices and
its supermodularity propertiésin their seminal works on comparative statics)gkéim and
Roberts (1990; 1995) present a theory of compleaniiets in strategy and organizational design.
For example, they describe the relative advantagdscomplementarities of the mass and lean
production systems, formally explaining why massduoicers find it so hard to change into lean
production ones. Such work relies on supermodylarincepts and posits the importance of
considering interactions among activities or prdoec factors in order to overcome
maximization problems in complementarity settings,as to evaluate the potential for changes
on one hand, and the resistance of a system t@ehan the other.

Fundamentally, complementarity imports that theseaimarked benefit in considering
activities within and among firms in terms of theiterdependence (complementarity) levels, a
result coherent with a definition of the value apetition strategy should create as proposed by
Brandenburger and Nalebuff (1996). In particulamplementarity studies show that managers
not considering complementarities among their decivariables may never find the global
optimum set of policies (Milgrom & Roberts, 1995).

The classical economic analysis of complementaritests on some specific properties of
supermodularity: “The implications of supermodulardo not depend on the usual kinds of
specialized assumptions [...]. For example, we do meéd any divisibility or concavity
assumptions, so increasing returns are easily goassed” (Milgrom & Roberts, 1995:184). In
other terms, supermodularity is a mathematical @rtypwhich allows for a very high degree of
robustness of the models built on it, a very désirgroperty for several management research
applications. However, the same properties thatafbr important contributions to the effect of
understanding the outcomes of complementaritiesaggregate production systems (mass
production versus lean production, for instance) result as very restrictive towards the analysis

% For a thorough review on supermodular compleminttor a management research audience, see R2085)(
and Vives (2005).



of other kinds of issuésin order to discuss such limitations and undecstaow these can help
or hinder in a coopetition modelling setting, ituseful to consider the formal definition of a
complementarity set under supermodularity condgion

A set of variableX (x € X € Ry) is complementary if a real-valued functib¢x) (defined

on R») has increasing differencesX That is if the real-valued function is a utilfiynction, can
say that the functionF(x)) has increasing differences in the components( with i # j), if the
marginal utility of the component increases in the presence of an additional amodint
component (Milgrom & Roberts, 1990). In other terms, a setnwdnagerial policies (such as
flexible production lines and high product varietye complementary if applying them together
creates a higher utility (economic benefit) thanpdrformed alone: investment in flexible
production lines is more profitable if the firm gsthis higher flexibility to produce a varied
range of products; on the contrary the investmexg made in vain if the firm only produces does
not have a varied range of products but only predwne product version).

In terms of a functional form, F(X, y, z)be a benefit function (i.e. a profit function,any
other benefit one: cost minimizing, etc.) whereletez be a vector of variables (namely a set of
managerial policies, or firm activities), then is@ermodularity frame the variabbesndy are
complements i (X, y, z)displays the following properties:

FX", y", 2 —1f(x,y", 2 >f(x",y, 2 —-f(X,y,2 (1a)
forallx” >x',y" >y (1b)
and for all values of (1c)

Only if the above conditions hold, not only betweeandy but also for all other pairs of
variables (betweer, y, andz and among the variables constituting theector), does the
considered set of variables y, z) form a system of complements. That is, propets) tells us
that if complementarity holds, then moving from tbeer levelx’ to the higher levex” of one
variable in the system, will be more beneficialthe system (which will be optimized) when
variabley is also at the higher level rather than at the lower lewgl

In other terms, property (1a) tells us that if acdenanagerial policies or firm activities are
complementary, then we will achieve higher res(enefit levels) if when we do more of one
policy we contemporaneously do more of the othdxe) if we were to increase the levels of
flexibility of our production lines, we would aclve higher, optimal economics results if we
increased product variety correspondingly. Doingenof only one of the activities or policies
comprising a set of complementary activities wilvays lead us to lesser benefit (suboptimal
results). In order to achieve optimal results froor activities/policies system, complementary
activities/policies should be changed (for exampiereased) in groups and not in a piecemeal
fashion.

4 Some important results put forward by Milgrom aRdberts in their formal analysis concern the retathip

between complementarity and coordination needsth& presence of complementarities the maximizatbn
variables in an individual fashion leads to submptiresults. In fact, many local optima may be pn¢gin the line
of landscape theories), but a single profit-maxingzsolution exists which requires simultaneous imé&ation of

all the variables. As the search for simultanegptinmozation of the variables is carried out, if tbeners of this
search (eg. different functional managers) eachrabdifferent variables, then coordination amohgde potentially
diacritic optima might be problematic, requiring vement from one optimum to the other in a coordidavay.

Complementarities paradoxically can lead to coatiom failure or myopia, and the payoff of the bgstd worst)
solutions increase (Gino & Warglien 2004).



Properties (1b) and (1c) further specify that fomplementarity to be present this “group
effect” is necessary but not enough: property (d4ys the group effect should hold true no
matter how much we decided to increase, in our @kanproduct variety levels, even to an
infinite number of products. Property (1c) statest twe are in the presence of complementarity
only if the group effect will lead the system talmér results no matter what the rest of the firm
policies were like. If production lines flexibilitywere our variable x and product variety were our
variable y, by increasing them together we woulkdieee a higher benefit regardless of the other
practices adopted in the firm (our other z varigpléor example regardless of whether the firm
required big batches of one product in order toerlagistics economically viable. .

Supermodularity formally conveys the notion that jhint application of complementary
resources will be more beneficial than their sejgarse, and as discussed above allows for
robust results to be obtained at the economy ashaisiny-wide and full production system levels.
However, the very conditions that allow it to dg san be detrimental when applied to other
settings, such as competitive advantage analysis strategic situations in which
complementarities are not isolated in clusters ¢G8n Warglien, 2004; Porter & Siggelkow,
2000; Siggelkow, 2002a).

In particular when we apply the above (1a, b, @)dibons to a more micro, firm-level
setting we can observe that:

L condition (1b) requires that the relationship betwg and y hold for all levels af
andy. That means, complementarity should holdxaandy are increased or diminishexd
libitum. However, management interactions may not be aoh$br all values of the involved
activities, but rather only be complementary ovearge of their values, but not outside such
range (Porter & Siggelkow, 2000). The example mledein this study represents one such
instance.

IL. condition (1c) instead requires that this relatiopshold for all values of all the
other variablez. Which implies that the system of complementagitie free from what Porter
and Siggelkow (2000) call “contextuality effectshe same complementarity (and benefit
function) should hold in whichever set of varialdesmight be immersed. That is, it should be
valid in whatever firm it were applied, and diffaces in context of application should not
impinge on the results. As Porter and Siggelkow0@Qargue, however, condition (1c) does
not carry with it results that allow for sustainralompetitive advantage, as any organization
implementing the same system of complementaritidger strategic or organizational variables
notwithstanding, will reap the same benefit valim, contrast with what purported by
competitive advantage theories postulating that-Bpecific competitive advantage sources be
necessary for achieving sustainable advantagegi?4896; Barney, 1991).

I1L. the three conditions only encompass those caseghich the complementarity
cluster (see sub. Il) does not show “negative”ti@hships among the variables (decreasing
differences/trade-offs), or when these negativatieiships can be turned into positively
related ones by inverting the sign of one of thealdes (Figure 1). “Supermodular models fail
to address the situations in which there is no wagxploit all complementarities without
activating conflicting resources or activities” (6i& Warglien, 2004: 4). An unrealistic setting
for the managerial world, for example when considgmproduction activities and product
development ones, which typically conflict one wiitle other. Figure 1 illustrates the differing
situations. Figure la displays a complementaryviggtisystem, indicated by the solid
interdependence line. Figure 1b represents a sy&tewhich supermodularity can only be
applied if the value of decision variable 2 is irted (the conflicting, negative interaction of 2
with 1 and 3, represented by the dotted line, tinres positive one —solid line — if the sign of 2



is turned upside-down, and thus the “group effectiow working). Figure 1c shows instead a
system in which the relationships cannot be matte respecting supermodularity conditions
(even if the signs be inverted, there still will benflict in the system). Gino and Warglien
(2004) discuss the managerial cases in which ttuat®n might ensue, term this a “frustrated
system” and start to explore a model that shoutm@enodate for conflict and yet maintains
many of the properties that supermodularity gramd which allow for a model’s robustness
and simplicity. The potential of their approach fibre coopetition strategy field is here
discussed along with further steps of researcharconcluding paragraph.

Figure 1: Complementarity systems and frustratetesys (Gino and Warglien 2004: 4).
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Given that complementarity managerial issues carmbtbe encompassed by the
economics of complementarity approach, as showherabove three points, it appears that there
is scope in the field of management for making tiééd advance. At the same time, the
coopetition field itself presents characteristitgatt call for a more thorough tackling of
complementarities in coopetition strategies, simmanplementarities come to the fore in
coopetition as:

- coopetition is engaged into in order to lead twdips to reap higher benefits from
their joint activities, than they would be abledim by acting independently;
- coopetition ensues if doing an activity makes tbevaies of another actor more

beneficial or attractive;
- coopetition involves the evaluation of such besefit a systemic, rather than

piecemeal fashion for the partners;

- coopetition stresses the evaluation of interactionterms of clusters of
activities/policies over which it appears more bema to cooperate, and others where it is
more beneficial to compete, as opposed to superlaagucondition (1c)

- coopetition strategies are delicate and can preabesghold effects, as opposed to
supermodularity condition (1b).

There seems to be a need to delve under the suofattee complementarity issues of
coopetition in order to both better understand lsvashage them, as well as to verify whether the
economic approach to complementarities shouldteelfibe reviewed in order to more correctly
treat this kind of strategy and its outcomes. TolkkoWwing section addresses a case study in
coopetition in the soft drinks and mineral watedustry which is then adopted as a basis for



developing a formal model of coopetition implemeiota The model will in turn help us test
complementarity hypotheses’ robustness as apmiadbopetition managerial setting.

TRACKING COMPLEMENTARITIES IN COOPETITION: THE SAN
BENEDETTO CASE

Previous literature recognized the risks and ingastd failure causes of coopetition.
However, literature so far has focused on the litggdf coopetition more at its inter-firm level,
rather than at the single partner, intrafirm onéghtighted risks at inter-firm level include
opportunism risks and/or external changes (Afudi®02 Bresser, 1987; Faulkner 1994; Gulati,
Nohria & Zaheer, 2000; Hamel, Doz, & Prahalad, 1988mel 1991; Harrigan, 1988; Luo,
Slotegraaf & Pan, 2006; Yoshino & Rangan, 1995krest divergences or partner asymmetries,
as well as outcome subdivision imbalances (Mey@981 Park & Russo, 1996), and tensions in
learning or production dynamics (De Wever, Mart&ngandenbempt, 2004; Dowling, Roering,
Carllin & Wisnieski, 1996; Inkpen, 2000; Levy, Ldsdrke & Powell, 2003; Luo, 2004).

In his recent review on coopetition, Walley (20@¥50 observes research has concentrated
on the strategic level of coopetition issues rathan at the operational level, which is still urde
researched. Existing work on the intra-firm consemes of coopetition has discussed effects on
workforce and loss or imitation of critical resoesc(Bagshaw & Bagshaw, 2001; Bengtsson &
Kock, 2003; 2000; 1999; Park & Russo, 1996) orugion of the business model or of existing
practices (Bonel & Rocco, 2007). | believe thi®atn of research is particularly promising, as it
investigates an overlooked class of risks stemrfriogn the operationalization of a coopetition
strategy from the point of view of a single partner

In order to model the effects of coopetition anchptementarities at a single partner level,
the paper builds its considerations on a longitaldoase study in coopetition which was studied
through direct observation over a 5 years spanahiodt which there is availability of production
data ranging 10 years. It concerns an Italian doftks and beverages producer, San Benedetto
SpA, which in the mid nineties started engaging irange of coopetition relationships with its
main competitors: Coca Cola, Pepsi Co, Ferrero, bGad Schweppes, Danone. These
relationships were based on three main, intercaadeelements: co-production; joint new
product development; joint new factory development.

The company engaged into coopetition as a strategurvive in an industry which was
undergoing a prolonged maturity phase where coatestdtin was occurring and where big players
were best equipped for delivering on the indusey kuccess factors. In fact the industry main
requirements were high levels of economies of sicgggoduction and in turn a continuous drive
for market share growth. At the same time, thetiradly low margin product pushes companies
towards more efficient, low cost operations anddpmtion yield continuous incrementation
through technical excellence and saturation of pectdn capacity, whereas costly logistics for
this bulky yet low margin products call for mul&pproduction locations. On the market side,
being always present at point of sale is a musthist is a need that does not wait, even at
expense of brand fidelity. Good time-to-market gombduction response time, as well as
flexibility to variable market conditions (seasadhglweather dependency, fashion), are a must.
And vyet, the market is mature and overcrowded, distribution channels increasingly
concentrated. This means that high levels of imuest in innovation are required to attract
customers, and at the same time convince distributo provide access to their overcrowded
shelves. Brand and bargaining power become eskantiader to gain access to distribution: in
the eyes of distributors, beverages are bulky asplal a low margin/linear meter ratio, which



means that to get to the shelves a well-known braade and/or very competitive price are
needed, as well as production flexibility and tireeponse for improved levels of service. These
factors explain why small players are graduallyirggwvay to bigger ones, who can better exploit
economies of scale and enjoy a stronger markettiposconcerning access to multiple
distribution channels, thus being able to achievioveer cost structure allowing for more
intensive investment in terms of innovation, R&DOddrand building.

In this setting, which started emerging about tearg ago, San Benedetto was positioned
as a middle-sized player with specific capabilitiesproduct engineering and line production
efficiency. Thanks to a history of insourcing amhe tollaboration with a sister company (Sipa
S.p.A.) specialized in designing and producinglimgitiines, San Benedetto enjoyed very high
levels of production efficiency and new product ieegring. It was the first company in Europe
to start producing PET bottles, a move away fromtlgoglass bottles, as well as PET bottling
lines. It was among the first to develop a productsystem based on aseptic bottling processes,
leading to lower production time and cost, and eased shelf life and product quality. The
workforce had a very low turnover and was trainedshop-floor innovation in production
processes and machinery. This also meant the conipah a very integrated system for new
product development which leveraged on very cledationships between the marketing and
production personnel, leading to very low produetelopment time and industrialization costs.
These competitive advantages in one of the mosydntacconsumer markets for mineral waters
and beverages in Europe, ltaly, attracted the taterof some of San Benedetto’'s major
competitors, and as the company was looking forssaygrow and emerge on the consolidating
market, coopetition based on coproduction and jprmuduct development first, and on joint
factory development in a subsequent moment, appeerehe most viable strategy for the firm.
Today the company’s market share ranks respectinelye first and second position with regard
to mineral waters and soft drinks in Italy.

Initially, San Benedetto started co-producing leakttirinks for its coopetitors. In 1984 the
firm signed a franchising agreement with BritishdBary Schweppes International to produce
and distribute its products in Italy. The secongamiant agreement came in 1988 with Pepsi Co.
International to produce Pepsi and Seven Up, blaistip bottles and cans. In the same years, the
firm entered into foreign markets through dealersplesalers, and traders of the final markets
(e.g., in France, ex-Yugoslavia, Denmark, South Acag Hong Kong). In the nineties the
company signed other important coopetition agre¢snezlated to the commercialization of a
break-through technology for bottling operationamely the aseptic bottling line technology.
Until that time, soft drinks needed high temperatsterilization in order to become aseptic and
ensure a long enough shelf life for commercial@atpurposes. Once again, San Benedetto
foreran the industry’s trends and aimed at devalppi leadership in this technology by internal
development. The firm studied, adopted and contislyomproved this innovation, in spite of its
high costs, just as it had done with the PET teldgyo The innovation brought in a cascade of
correlated innovations and expanded the firm’sfplbot of soft drinks (juice-based, milk-based,
vitamin-added, and so on). In less than ten ydhes,firm became a manufacturer of aseptic
bottling lines not only for internal use, but afew its main coopetitors. In fact, San Benedetto
leveraged its technical abilities by initiating awn business in selling production lines to third
parties and competitors, or injecting them as efjpit technology transfer based joint ventures
outside the national market, thus also gaining nesket openings for its own production.

Newborn joint ventures aided the firm’s growth tlgb revenues by both the selling of
lines, and the appropriation of a percentage omthegins from the joint venture partners’ sell
out. This helped San Benedetto in cashing-out ftben continuous investment it had always
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made according to its insourcing and do-it-yourpedictices, thus avoiding it to become too rigid
as a result of internal investment costs. Lastrmitleast, collaboration with global competitors
allowed the company to gain access to strategievkmow in fields such as market-driven new
product development, quality control and logisti8an Benedetto’s do-it-yourself policy along
with continuous knowledge transfer from its coofgesi explain the firm’s leadership in national
and international markets. The company’s coopetitrategy was in fact devised to achieve a
set of direct goals which were measured in termsincfeased revenues and production
profitability, especially through improved produeti capacity saturation and increased
production unit marginality, as coopetitors’ protiuaere being mounted on the production lines
at a higher per unit margin. The company also exgoyther indirect benefits (quality standards
know how acquisition, market segmentation and edlamarket-driven product innovation
development), although these were never quantifiegtnally and only informally entered the
decision processes in the initiation and managerokénhe coopetition relationships. Table 1
illustrates the main kinds of coopetition agreeraghe company entered into, main coopetitors
and the benefits the company derived as relatétetondustry requirements.

Table 1: Coopetition strategies at San Benedettypalogy.

TYPE OF COOPETITIVE TERMS OF THE COOPETITIVE COOPETITION -DRIVEN

RELATIOHSHIP AND RELATIONSHIP BENEFITS

PARTNERS

Coproduction (with Coca Yearly contracts define content and Production economic yield
Cola and Nestlé, PepsiCo  rules of coproduction (volumes incrementation through higher
International, Cadbury ranges, prices, timings, breach and marginality mix and higher
Schweppes, Danone, Ferrerodelay penalties, including payoff andvolumes.

Coop, Carrefour) penalties in case of production delays

or cancelled orders). All contracts
have been constantly renewed over
the years and have become less
strictly specified over time.

Full product specification is provided
by the partner. Raw materials
provided by the partner.

Joint new product Co-development and co-design of Production economic yield

development(with Cadbury new products (content and/or bottle).incrementation through higher

Schweppes, PepsiCo San Benedetto then carries out all thenarginality mix and higher

International, Ferrero, production of new products jointly  volumes.

Danone) developed. Through long-term relationships
Collaboration can also imply co- with top-level industry players,

investment for new technologies know how acquisition and
development and new manufacturingdevelopment regarding quality

lines building. control, market-driven new product
development, marketing

New factory joint San Benedetto entered into non Revenues by appropriation of a
developmentabroad (with equity alliances and in joint ventures percentage on the margins from the
Cadbury Schweppes in abroad. It sold or bestowed bottling alliance’s sell out. Same economic
France, with Danone in lines and provided ongoing technicalprofile revenue stream structure gs
Poland, France and Spain, expertise for their set up and in coproduction, based on
with Coca Cola and Nestlé in maintenance. production economic yield
Germany) San Benedetto also manages all measures.

production processes. Access to new geographical

Partners typically manage all the markets and investment and risk
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other processes in the new factory, sharing.

including products’ If bottling lines not bestowed:

commercialization. revenues from sale and
maintenance of bottling lines to the
new factory

In San Benedetto coopetition-related activitiesshsas coproduction both in the main
Italian factory and abroad and joint new productali@poment (see table 1), did leverage positive
complementarities between coopetitors’ practicesweéver, as emerged in this case study
research (Bonel & Rocco 2007), positive complemérga appeared to reach thresholds. This
happened for example when coproduction implied asb@f set up times due to the large
increment of external products produced internaflycompared to the pre-coopetitive status quo.
In the case study it was observed that managesd ta satisfy equally internal and external
production requests. To San Benedetto’s manageapetition implied producing internal and
external products according to a fifty-fifty logso as to increase profitability. However, the very
coopetition-related complementarities managers wsieg to leverage on in order to achieve
better performance show threshold effects whichrekged line profitability. The case is a
particularly interesting one for analyzing the etéeon profitability of the implementation of a
coopetition strategy at production level, as ipthgs several long-term coopetition relationships
and a clear coopetition strategy clearly focusedaararrow realm, production, which not only
reduces model variables but has also been widabjiest in optimization research. A situated
mathematical model is adopted to explore the extgteof optimal paths and optimization rules
for a savvy implementation of coopetition so aavoid thresholds effects. The example used for
discussion, model building and model testing isedasn San Benedetto’s production system and
data. The company’s operations are a typical proolucsystem furnished with flexible
automation machines. Based on this charactertbicfirm would find increasing product variety
a source of complementarity-related profitabilibgrease which it pursued through coopetition.
Flexible manufacturing systems and product variatg in fact complementary elements
reinforcing each other: the wider the product gri¢he more valuable are the investments in
increasing the flexibility of the manufacturing &m®; conversely the more flexible the
manufacturing system, the greater the benefit, #twedlower the cost, of increasing product
variety (Milgrom & Roberts, 1990). Considering thésxd as an explicit assumption founding its
coopetition strategy, the company needed to iner@asduct variety as to matching flexibility.
As the possibility emerged of starting to produoe ifs competitors, the company envisaged
multiple benefits arising from a coopetition stggteof co-makership: besides making flexible
manufacturing investments more remunerating, cagetwould saturate lines in a seasonal
business and grant for greater stability in ordera weather-prone business; it would increase
overall marginality through an asymmetric margix structurevis a viscoopetitors.

However, the benefits San Benedetto looked for ts ¢oopetition strategy also
encompassed some costs. In Milgrom and Roberte'stét990; 1995), the question was: did the
coopetion strategy complementarity hold for allues of manufacturing systems flexibility and
product variety as implicit in condition (1b) abowa could limits in the levels of these two
variables be envisaged which, if breached, mighd ke firm to lower, suboptimal yield results?
In the next paragraph a situated model of thisaita is proposed.
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COOPETITION AS A TESTING GROUND FOR SUPERMODULAR
COMPLEMENTARITIES RESULTS IN A MANAGERIAL SETTING

A situated model specification for complementaritytesting over empirical data

In order to test for the robustness of the desdritdassical comparative statics results put
forward in complementarity economics, which maimtiat complementarity holds for all levels
of the complementary variables, a model was deeeldpat simulates a typical complementarity
situation as described in seminal works on comperatatics (Milgrom & Roberts, 1990; Porter
& Siggelkow, 2000; Siggelkow, 2002a; 2002b), buttre# same time is set into a coopetition
setting. The model is a conceptual testing one,itaisdalso situated in that it was developed on
the basis of the above-described San Benedetto stadg of coopetition in the soft drinks
industry. The model being situated, it was posdibleest its validity and robustness, allowing for
greater analytical streamlining without missing oatempirical soundness: through an iterative
process, the firm’s coopetitive production settwgs identified by collecting primary and
secondary qualitative and quantitative evidence Miodel structure and hypothesis were set up,
and iteratively tested with the subjects involvedhe analysis both at managerial and shop-floor
level, so as to increase the external validity he# &inalytical construct and specification (Yin
1989). The data concerning the case were collenteda five years span through field research
based on interviews at managerial and shop floegl|lerimary and secondary data analysis
including production line data, and observing Egsation including researchers’ work on the
firm’s production lines with a production co-worksatus. The goal of this process was to reach
the greatest analytical simplicity, without losiegnpirical feasibility. At the same time, the
model adopts a classical structure in productieidyoptimization processes, and is thus in its
most basic structure a generic model.

The model describes a decision making problemgiven coopetition setting concerning
the production system of San Benedetto. In the indlde firm runs a manufacturing line with
given levels of production flexibility characteicd, has already engaged in a coopetition
strategy, and must now decide how to optimallycate its weekly production time on this line
to San Benedetto products (internal products),and/ the products of its coopetitors (external
products). In the model, the decision to enter mtooopetition strategy is taken ex-ante with
respect to production decisions, and is therefoiggenous to the model itself. The decision
making modeled then concerns the evaluation ob#refits in terms of economic productivity
optimization of increasing or decreasing the amafnproduction of internal (San Benedetto)
versus external (coopetitors) products. The modiwa us to simulate the effect of
implementing a production-based coopetition stiatey value creation at production level. It
shows whether as postulated by both complementarity coopetition current literature this
value will increase constantly no matter how muah¢oopetition strategy intensity is increased,
or in other terms, regardless of the relative weigh coopetitors’ versus internal products
mounted on the line. The hypothesis is that thisisthe case. In particular, the hypothesis to be
tested through the model is:

(Hipothesis 1): contrary to comparative statics uks from the economics of
complementarity, the output (yield) of a complemmetyt system, which is here situated
in a production coopetitive setting, will not inese in the values of the complementary
variables x and y for all values of x and vy, butl wlisplay a threshold level in the
variables, after which yield starts declining.
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Any production system (or a manufacturing line) barevaluated in terms of productivity,
which can be calculated in pieces per productiaretunit, or in terms of economic yield, if
productivity be assessed on the basis of the podfittribution of the considered production
system. Such productivity can be calculated, argrttodel does so in terms of economic yield.
Any manufacturing line or plant displays a techhwaductivity level which corresponds to its
maximum output performance possible in technicamse It also displays an empirical
productivity level, which is a function of the aatuutilization and scheduling of the line.
Typically, empirical productivity does not coincideth technical productivity, but rests at lower
levels. For example, a production line, howevexilie, requires set-up times when a new kind
of product is mounted on the line with respect® previous production batch. In a bottling line,
for instance, set up times depend on the washinigeopipes, the lowering or raising of the liquid
spouts and fine-tuning of the mechanical specibca; and on sanitization runs. The loss of
production time due to set ups engenders costs), tiwhich tend to curtail the technical
productivity of the line. On the other hand, a lzan see its productivity increase if the value of
the products it runs is higher (in terms of martyipaor of value for the customer —as happens in
portfolio completeness issues — or simply of qugptin a specular way with respect to set up
times. For this reason, firms invest in manufaciines that allow for greater flexibility, and in
reaping this flexibility potential by increasingetihange of products run on the line they strive to
maximize line economic productivity.

Baséed on the above considerations, let us destrbmonetary output of a bottling system
as follows:

1) (600-a(x-1+y)@1-d)1+ x5_—01) +(600-a(x~1+ y))é(“%)

S~ —~— — = ~ ~
Internal profitability Coopetition-related

profitability

X Number of internal products run on the manufactutine

y Number of external (coopetitors) products run aartianufacturing line

600 Total technically maximum monthly hours of prodocti

o Set up time coefficient per product change

600-a(x-1+y) Actual hours of production net of set up times

0 [r<d; o<s; r>0; s<1]|Proportion of production time allocated to extempadducts

1-90 Proportion of production time allocated to interpaedducts

x-1
1+ 50 Unitary margin of internal products
1+ 15—25 Unitary margin of external (coopetitors’) products

® For model explanation purposes, we keep spedificatf the model at fictitious values for simplicit
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The function (1) describes the economic yield agkdeby a manufacturing line, whexés
the number of internal products that can be runhenline, andy the number of products from
coopetitors. The two summands describe the reveocomsng from the production of internal
and coopetitor's products, respectively. By thieacl bi-partition of the summands, the model
highlights the overall value contribution the implentation of the coopetition strategy brings to
the profitability levels of the line. Optimizatiaanalyses are developed for both a specification of
the model based on empirical parameters drawn 8am Benedetto production data (Figure 2)
and one based on a situated specification thattilisceherent with reality, but not fully
empirically determined and as such displaying nyemeeralizable results.

Based on empirical data from the case study, hei® assumed the system can run for a
maximum of 150 hours per week (600 hours a moathd,in each hour it can produce a batch of
bottles, allocating a proportion ¢)-of total production time to internal (in our exgl@ San
Benedetto’s) products, andsaproportion of production time to external produ@teopetitors’
products). This production quantity is then muiggl by the marginality contributed by
producing an internal, rather than an external ped Marginality levels 20% higher for
coopetitors’ products as compared to internal pctslmarginality also reflect case evidence. The
model specification here presented is referredctoagh company monthly production data. It
reports the data from a specific production limee 165, which is used for production of internal
and external products. Production data used refeQ07. In particular, the parameters of
function (1) have been empirically specified asrfrbable 2 and as resulting from company data
for production line 65:

The level ofd reflects a corporate decision regarding how integ the firm is pursuing a
coopetition strategy, by committing with coopet#do given levels of production of external
products in the annual contracts and as spelledirogbrporate-issued lump-sum production
budget schedules. At the implementational, prodactevel, the managerial question is: how
should San Benedetto detail production schedulimd) @@mmercial policies? Could the firm
increase its production economic yield by incregdive variety (variable y) of external products
run on the lines? And if yes, to what extent? Canpntarity economics answer to this question
by saying that if the production line is flexibks line 65 is, then increasing yield levels can be
reaped by increasing product variety run on the.liHowever, as will be shown as product
variety is increased, a threshold is reached acértain pattern of yield maximization emerges
that is deviating from the managerial euristics ligop by the firm and as proposed by
complementarity studies.

It is worth noting that although the model is aigted one (some parameter specifications
are case-based), it is in fact structured coherevith general optimization models in production,
and as such has a more general validity beyonduteent case-based specification. In fact
production economic yield optimization functionpitsally encompass a measure of the role of
production complexity in order to account for itgsfgive and/or negative impact on production
profitability. This is generally expressed in termok set up times as a measure of role of
production planning complexity in depressing padfitity, and of marginality mix as a way of
expressing positive the role of production plannegmplexity (or richness, in a positive
connotation) in enhancing profitability (Chase,ala& Aquilano 2006). In the model, the driver

® The marginality terms of the function reflect flaet that increasing product variety (increasinay ¥) leads to
higher marginality thanks to product mix effectesiles, the marginality term in the second patiheffunction
shows that the company typically achieves an e3@a unitary margin on products produced for itspaiitors with
respect to internal products.
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for complexity is the intensity of coopetition (nber of coopetitors’ products mounted on the
line) and set up times depressing line profitapilite coopetition-driven, as is marginality mix
level which in turn contributes to enhancing lirefgability. Still regarding the model structure,

it should also be pointed out that whether the #mploys single-product lines or flexible (multi-

product) ones is a decision the firm would haventke independently from having to decide
about the mix of internal/coopetitors’ productsvéints to produce

Table 2: Empirical specification of the paramefershe model represented in equation (1)

600 hours Production line 65 maximum monthly
technical productivity

70% Actual monthly productivity of production line
65

1.99 o with: a =(600*0.3)/93=1.99 where 93 is

the actual number of product batch changes
carried out on line 65 in the given period

15 X = number of internal products run on line |65
in the given period

78 y = number of external products run on line|65
in the given period

17% 0 = production time actually set by corporate
level as allocated to external produgts
production

63% 1-6 = production time actually set by corporate
level as allocated to internal products
production

+20% Higher marginality deriving from producing

external as opposed to internal products

Finally, note once again that in this model theislen of coopeting i€x-antewith respect
to the model itself. In fact, it is assumed thaeflects ara priori decision taken by the corporate
level with the coopetitor when signing a new yearbntract. The production scheduling must
accommodate demand by coopetitors when it incredgganaximum timing allocated to such
production is preset atlevel. In the real world, coopetitor's demand flustes during the year
depending on the weather. Here, model specificati@s related to peak season, in the summer.
By exogenously varying the level éf the analyst can conduct a sensitivity analysishenlevel
of coopetition the firm has strategically committiedd and on the basis of which it now would
like to optimize the production system under compatarity. For example, i were set at 0.5,
then the firm would be equally allocating its protian time to internal products and to

" In the model, the number of internal products earthe manufacturing line, represented by variabldso is a
proxy for the level of production flexibility of thline itself, as it is reasonable that a firm egigg in coopetition
will do so, based on a set ability to produce nthean one product on a manufacturing line. Therefasex grows we
go from one product production line to multi-prodpooduction line. We assume the line allows fottz

flexibility necessary for accommodating more thae mternal and more than one external products.

8« represents the set up time coefficient attachedproduct batch change on the line. It can himagtd by taking
the actual waste of productivity time of the linechnical productivity*(1-actual productivity%)) dmividing it by
the number of product batch changes scheduledamigd out on the line in the given period (93)efiéfore:a =
(600%0,3)/93 = 1,99.
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coopetitors products. & were set at 0.75, the coopetition strategy woeldnore intense, as only
25% (= 16) of its production time would be allocated to mi& products. In our example, once
a given intensity of coopetition has been decidaohythe company has to decide how to ride the
complementarities liberated by that very level @bpetition intensity: should it strive to optimize
line yield by incrementing external product varjeand up to what level? The dependent variable
in the function displays in fact the monetary yidhe system will have across varying levels of
commitment with coopetitors in order to ride thedguct variety/manufacturing flexibility”
complementarity over a coopetition strategy.

The model specification thus rests on the followasgumptions:

1. Coopetition strategy decisions are exogenous: @etdmn decision must have
been taken before the model needs to be appliddctnpotential coopetition problem issues
such as threshold effects will only appear if apeition strategy is in place.

2. 0 levels, displaying the proportion of productioomé allocated to external
(coopetitor) production are exogenous to the moAel.alternative, endogenous model
specification encompassimgas a function ox andy, was also developed but does not lead to
significant differences in model results in the damof parameters of this paper. For
simplicity and in order to streamline the modelthrs paper an assumption érexogeneity
has therefore been made.

3. Setup times are linear in the number of total potsl k+y) and are not peculiar to
X ory, as is typical when running product batch charagesss one same manufacturing line.

4. Marginality is linear in the number of products.atlis, in this model product mix
and product range completeness effects are notgrassed

5. Unitary margin achieved through production of prasufor coopetitors is higher
than marginality achieved producing internal prdducFor this situated model, San
Benedetto’'s managers estimate a 20% higher uniargin.

From both the case-based validation procedure &ed firther experimentation on
alternative, more sophisticated models, this sptibn set and its underlying assumptions
appear to be synthetic, feasible and robust oversfiecific situation the model is geared to
represent.

Complementarities’ threshold effects in coopetition

The model specification above described can be umsedler to simulate production yield
maximization for a firm which engaged in coopetitidVith this respect, two sets of questions
arise for managers in this situation and whichntioelel addresses:

L. If a firm were to maximize its production economyjield, would striving to
achieve ever-increasing levels of product variegdl the company to an optimum, as classic
complementarity analysis maintains (Milgrom & RaBerl990; 1995)? Or do threshold
effects emerge?

IL. How should the increased levels of product vartegyachieved? In other terms,
should the firm strive to maintain a balance betwn level of variety of internal products,
and the level of variety of products for coopestoas in fact San Benedetto’s managers

° A model specification encompassing such produot efiects on marginality has been developed and ahme
have significant effects on the results. This ma@eiation specification and results are availalgen request to the
authors.
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tended to do? Or should a different coopetition lemgntational path be chosen if
coopetition results were to be optimized?

Result 1: There exist threshold effects in coopetitvhich if ignored can lead a
partner to suboptimal decision making on complerm#ytissues when implementing
the strategy

Figure 2. Complementarity thresholds in a producbased coopetition strategy. Results from
empirically spefied parameters as of Table 2.
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Figure 2 shows the monetary output by represerttiegcontour lines corresponding to
function (1) foro = 0,17 andx = 1,99. The complementarity example here illusttatoes in fact
present threshold effects: implementing a coopetitstrategy at production level leads to
superior results, but the result is not holdingday choice ok andy. As the graph shows, the
yield levels represented by the contour linesafiitiincreases (from 640 to 680 and so on) with
the levels ofx andy, as expected in a complementarity setting: doingremof x and y
simultaneously does initially increase economiaputivity. However, a closer look at the graph
will show that complementarity will not hold truerfall values ofx andy, thus breaching
supermodularity assumptions which are based orvémscondition being verified (see condition
(1b) in the second section of this study). Afterield growth region, in fact, a complementarity
threshold effect will ensue, leading to decreagietds.

Thus, (Hypothesis 1lappears to be satisfied: complementarity in a ebte production
setting does not behave according to supermodyl&ra firm in this situation were to follow the
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indications given by complementarity economicsydiuld indeed incur in initial yield increases,
but as product variety increased, the system wadakdeve a threshold level and the firm would
then start seeing its yield decrease. That isaffitm, given its choices concerning the levels of
manufacturing flexibility it wishes to adopt, wete increase the number of external products
(products for coopetitors) incorporated into prasrescheduling, it would initially experience a
yield brought about by a marginality increase héglough to offset increasing set-up times; but
after a certain level the latter will start to doate, leading to an excessive fragmentation of
batches and determining soaring set up costs atkelcease in line yield. Similarly, moving
towards increasing levels of internal product grigill also increase costs leading to the same
result, although even sooner —at an even fasteg, gagen the lower profitability of internal
products.

This analysis leads to another important resulardigg the coherence between decisions
at the strategic and functional-operational levédsiring the empirical observations, when
operational managers faced production capacitycatiion problems, they tried to balance
internal and external products apart from the ctbpe strategy taken at the corporate level. In
other words, they tried to commercially push anadpce an equal part of internal and external
products to satisfy both internal (San Benedettad axternal clients. The formal analysis
demonstrates that striving to maintain a balanaatfg@io might please clients and coopetitors,
but does not necessarily represent the optimatisalin monetary terms. In Figure 2, a mix»of
= 10 andy = 109 represents the optimal solution. With theent production capacity and the
superior marginality currently enjoyed by exterpabducts in San Benedetto, the firm would
optimize yield by strongly focusing on the prodoatiof external products, other considerations
standing.

In general:

Result 2: A decision taken at strategic level tgagye into coopetition should be
then rolled out coherently at functional and opeyaal level, lest suboptimal decision
making occurs which might lead the firm to expereesuboptimal yield levels.

A coopeting firm facing a production capacity adtion problem such as the one here
described might consider producing levels of irséand external products that are balanced, for
example moving along the bisector line in the gragphRigure 3, which depicts the general model
of equation (1) with a general model specificat{parameters are not empirically specified but
only situated) withy = 0,5 and = 1 in which managers at corporate level follobadanced path
to coopetition strategy. The firm in this settingwid thus be increasing product variety of its
own product portfolio together with the coopetitop®rtfolios that are manufactured on the
company'’s lines. The firm might find this to be @usd, well balanced solution, and it would
experience increasing returns in implementing deisision (until it reaches theandy threshold
level) which would appear to confirm this decisidfthough the company might appear to be on
an optimization path (for example, the bisectoe lin Figure 3), such path is a suboptimal one
and will only lead the company to a local optimumfact, if the company were to move away
from the bisector, and thus abandon a balanciregesgty in product variety decisions, it might
achieve a higher level of yield. This higher leiehchieved in point A, along a product variety
growth path markedly favouring a higher number xieeal products over a higher number of
internal ones. In other words, in our example thmgany might achieve higher yield results if it
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decidedly moved away from a balanced internal/@slgoroduct variety growth path, and instead
pursued a growth that fitted with the strategicisiea of engaging into coopetition.

Figure 3. Complementarity thresholds in a genavapetition situated model example.
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Table 3: Variations in normalized monetary yielthiagable through production system
scheduling optimization at different coopetitioteinsity levels.

o |y Max f (X, y)
0,75| 32 1,12
0,70| 30 1,09
0,65| 28 1,07
0,60| 25 1,04
0,55| 22 1,02
0,50| 18 1

This remark can be clarified by considering TahlevBich displays the result of variations
in the level ofs. As mentioned abové,is an exogenous parameter representing the propaf
line production time devoted to producing produstscoopetitors. In other terms, settidgat
levels closer to 1 means the company is heavilyroittimg to an intense coopetitive production
strategy, whereas setting at near zero levels means the company is scaemaging in
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coopetitive production activity. Table 3 shows that if we normalized to 1 the mmxh yield
achievable by a production-based coopetitive systlien the company coopetition strategyset
at 0.5 (thus equally splitting production time beém internal production and production for
coopetitors, or moving on the bisector in Figuren®, would have an optimal variety level of
coopetitors’ products of 18 different products rimgnon the company’s production lines per
week. If the company were to increase its coopetiiommitment by increasingby 5%, setting
0=0.55, then the optimum number of external products wdnktrease to 22, and the yield
achieved by the company with its production linesttscheduled would increase by 2%. In the
same line, by bringing coopetition to a very highdl of intensity, for example by settidgat
0.75, the company, by settiygat 32 external products, would find its yield Ilegeow by about
12% with respect to the fifty-fifty naive, balancptbduction time allocation between internal
and external products. This sensitivity analysisra@vpoints out that a strong commitment for
coopetition taken at strategic level (and therefasean exogenous decision with respect to the
implementational decision of production line scHed)) should be matched by a matching
commitment for coopetition at the functional anceigtional levels, lest the company end up
moving along suboptimal implementation paths anidtéafully harvest the potential benefits of
coopetition.

DISCUSSION AND CONCLUSION

In their seminal work on coopetition, Brandenburgad Nalebuff advocated a new and
challenging managerial mindset by leveraging thgonoof complementarities between actors of
the value net. Since then a large number of schdlave conducted empirical and theoretical
research on coopetitibh However, it is here argued that the concept afflementarity that lies
at the heart of the concept of coopetition has bleegely neglected in the literature on
coopetition. Conversely, a formal treatment of tledion of complementarity has been developed
in economics. This refers to the stream of reseakdown also as “economics of
complementarities” (Milgrom & Roberts, 1990, 199%hich has its roots in lattice theory
(Topkis, 1978, 1995, 1998). The paper points oat #dvances in the field of research on
coopetition can enrich the literature on the ecasemf complementarities, and vice versa. In
particular, as the field of coopetition should mot@vard renewed approaches possibly
employing more rigorous, formal methodologies (FPad Dagnino, 2007; Walley, 2007), the
apparatus offered by the economics of complemeigsprovides a conceptually fitting field. In
a similar vein, research on coopetition can coatabto the debate on the applicability and
limitations of the economics of complementaritippr@ach as put forward in this paper (Gino &
Warglien, 2004; Porter & Siggelkow 2000; Siggelk@W©02b). Based on this premise, the
research question highlights the issue of compleangy in coopetition, with a twofold
objective. First, based on the concept of complearégn as a grounding element in coopetition
strategies, a situated, case-based model of ctiopesirategy yield at a single partner level was

% Indeed, fors = 1 the company would become a pure outsourcerfard = 0 it would be a pure internal player.
Neither of these options is considered in this uison, however, as they both make the situatiayemerate
towards pure solutions which transcend the focutigfpaper on the unintended effects of coopetisitvategies at
single partner level.

1 For a review see Dagnino & Rocco, forthcoming.
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developed. Second, in the light of the formal meatt of complementarities developed in
economics field, the study also tested the assomptunderlying this theoretical body of
research over a coopetition application. In paldicuthe model tested the first condition
embedded in the notion of complementarity (condi{ibb) in the paper), which requires that the
relationship between two complementary variablendy hold for all levels ofx and y. The
model unveils the presence, being overlooked at dtwporate, strategy making level, of
threshold effects in the implementation of a comjoet strategy and which, in turn, inhibit the
exploitation of the positive complementarities’egdts, leading to a decrement of total economic
yield.

The mathematical model is based on an extended $ieidy conducted in a soft drinks
producer, San Benedetto which over two decadesgedgato a set of coopetitive relationships
for coprodution, joint new product development amneation of new factories abroad (Bonel &
Rocco, 2007). The model proposed in this paperepteesults both in terms of an empirically
specified model (namely, whose parameters have Ilspecified based on empirical data),
resulting in the graph displayed in Figure 2, amderms of a generic situated model (namely,
one where parameters are of a more generic ndiurepherent with real examples and data: this
model has a more general validity than the empiyicgpecified one), resulting in the graph
displayed in Figure 3. Both model instances desectihe benefits of a production-based
coopetition strategy in terms of the economic phaglefiving from utilizing a production line for
producing both internal and external (coopetitopsducts. To reap the benefits of coopetition,
San Benedetto must balance and optimize productionternal and coopetitor’'s products. The
longitudinal case study pointed out the employnwrd “fair heuristic” for optimization at the
operational level. In other words, at the shop rflo@nagers tried to equally satisfy internal and
coopetitor-related demand. The model demonstrdies irtefficiency of such heuristic, the
application of which is to a large extent causedadgck of coherent and interwoven decision
making at the corporate and operational levels. these reasons, the paper advocates the
adoption of simulation techniques to support manabelecision making in face of the
complexity raised by the implementation of coopetistrategies.

Results import both empirical and theoretical iroglions. As for theoretical aspects, being
situated, the model employs an empirical perspedivanalyze complementarities’ effects in
coopetition. In this sense the model is built sot@describe a concrete situation in which
optimization of coopetition-related complementasticoncurrently takes into account realistic
production issues which the traditional apparafuh® economics of complementarity approach
did not (Milgrom & Roberts, 1995). This effort rgsents a theoretical advance with respect to
the previous coopetitive literature as it proposegjorous, formal approach to coopetition issues
in line with the advocated contamination between fteld of coopetition and the economics of
complementarities. Specifically, the study demaiss that coopetition is not beneficid
libitum. In fact, the relationship between two variabtesndy does not hold for all levels of
andy (in the paper, condition (1b) for complementaribyt displays a threshold level in the
variables, after which yield starts declining. Ortbe organization has committed itself to a
certain level of collaboration with the externalrtpar, the benefits of coopetition begin to
unravel, if the variables reach a threshold. Thelehalso points out another fundamental result:
coopetition requires coherence at all firm’s levésce the corporate level has defined it will
engage into a coopetitive strategy, functional epdrational levels should harmonize the new
strategic address within the boundaries of thetiegisorganization. This may imply a re-
allocation of priorities and the identification okw rules of behaviour so as to achieve the
benefits embedded in the coopetitive strategy. Um example, once the organization has
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committed itself to a fixed amount of time for @ibration with the partner (ie: has taken a
strategic decision about coopetition), the openatidevel risks to incur into suboptimal decision
making if it tries to keep a balanced developmathpetween internal and coopetition-related
production. Theex-antedecision to devote a certain amount of time talpoe external products
must be rolled out coherently and implemented atstop floor. Once the level of coopetition
has been chosen (e.g., 70% of the working time nmestdevoted to producing for the
coopetitors), the fair heuristics (e.g., produciag equal number of batches both for San
Benedetto and for coopetitors) leads to sub-optirealilts when a threshold in complexity at
production level is reached.

On the managerial side, the study unveils the ex¢st of potential negative effects of
coopetition. This situated model suggests that mersashould be wary of the shaping of the
complementarities embedded in their coopetitiomtsgies, so as not to incur into threshold
effects over the complementary variables makinghgx strategy which might depress rather
than enhance value creation. The paper emphasiaeshe literature has so far mainly focused
on the potential huge benefits that can be hardebte engaging into coopetition strategies
leveraging complementarities between firms. Thréatge been identified as well to the extent
interests’ structure changes so as to private astertake over the alliance’s interests (Gulati,
Nohria, Zaheer 2000; Yoshino, Rangan 1995). Nomeske the study endorses a more careful
analysis of the negative effects elicited by couioet at the single firm’s level, as coopetition
increases internal complexity which, in turn, magise unintended effects. In our case,
complexity endorsed by working simultaneously foternal and external demands percolates
through the whole organization. It is mainly at toeer hierarchical level that operational issues
of coopetition become tangible. In general, firstsategy and structure are linked to one another
and they should change in a coherent fashion (Geat862). However, such a change cannot
be left to chance or spontaneous adaptation legitive effects take over the planned benefits
sought by the new strategic address. With thisrtegagnitive scientists have disclosed limits of
spontaneous coordination typically affecting mamaddehaviour, for example letting a biased
behaviour emerge which is attached to the notion cobrdination neglect(Heath &
Staudenmayer, 2002). Cognitive studies demonstnatepeople tend to focus on single, specific
components of a tightly interrelated set of captid, rather than consider and act on the big
picture; this behaviour is referred to as “compdrfenus” bias (Heath & Staudenmayer, 2002).
Furthermore, when individuals attempt to reinteg@ispecific piece of task into the big picture,
they often fail to use a key mechanism for integratongoing communication. Individuals
exhibit inadequate communication because a soecaigse of knowledge’ makes it difficult to
take the perspective of another and communicaectfely. This curse of knowledge occurs
more often among specialists, who in turn findspecially difficult to communicate with each
other (Heath & Staudenmayer, 2002). Coordinatiogleat synthesizes both component focus
and inadequate intrafirm communication. Relating tiehavioural field of study to coopetition,
this paper argues that corporate level must gaiarewess about the complexity of managing
coopetition through the whole organization, frore 8trategic level, down to the shop floor, and
especially manage the organizational and decisipnatesses accordingly at all levels. The
corporate level should be aware of these behauitimigs and act accordingly so as to introduce
suitable coordination mechanisms for the governaricsoopetition within the organization. In
addition, situated models like the one here dewpgan support managerial learning and
decision making. Their usefulness is evident whemigh number of variables must be taken
simultaneously into account, as in the case of etimn.
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With regard to the limitations of the current stutlye structure embedded in this model
was developed on the basis of extensive researdheirproduction system of a soft drinks
producer engaged in coopetition. Nonethelessmipkiies the real world phenomena as directly
observed by the authors. In particular, it was #ssumed set up times (alpha) be linear in the
number of total products and marginality to bedine the number of products. Managers helped
us in verifying these limitations and making thedabassumptions feasible. With regardsto
(the amount of time devoted to produce for the etitgr) in the model this parameter was
considered as ama priori decision, resulting from the strategic agreemestivben the two
partners at the beginning of the yearly coopetitietailing contract for coproduction. Its value is
fixed exogenously with respect to the model, whecfocused on the implementation moment of
a pre-set coopetition strategy. At the operatidenal the production scheduling must adjusé to
and establish the optimal mix of internal (x) vsopetitors’ (y) products to deliver. Although this
assumption reflects to some degree the firm’'segsatthe current model with stretched to its
upper bound indicates that San Benedetto wouldhré@achighest monetary payoff if it turned
into a dedicated manufacturer for its coopetit@sach a conclusion, although consistent in
mathematical terms, is in conflict with the goalssued through the same coopetition strategy of
the firm, which was aimed at reaping the synerfjiesveen a flexible manufacturing bottling
system and product variety and towards ensuringctimapany’s survival as an independent
entity. The paper tries to overcome this intrinmgitation of the model by fixing upper and
lower boundaries fod so that the strategy is not allowed to degenenabeextreme cases which
the company would not take into account anywaytHeurstudy is intended to pursue a number
of extensions to the model. In particular, futuesearch intends to gear the model towards
analyzing the design (ie: what coopetition condisioshould we set up?) rather than the
implementational conditions of a pre-designed ctitpe strategy (ie: given the coopetition
level, how can we optimize the firms’ yield?). Thieew model will further remove the
assumption about exogenaugalthough a model with being exogenous was in fact developed
and results did not change). The level of coopetitwould be decided endogenously, as a
function of x and y. Delta being endogenous, theabdity hypothesis on marginality levels
could also be encompassed and be viable in the Imaslea result of coopetition conditions
negotiations. Such an improvement is ongoing. Rieklry results allows to draw conclusions
similar to those obtained in the model here preskntith 6 exogenously fixed. Furthermore,
further research is intended to run the model férdint times in the history of the coopetition
strategy of the company, over same manufacturiolgni@ogy applications, so as to control for
situations in which the firm is engaged in singétper, and/or multiple partner coopetition.

From the theoretical view point, a further explaat of the limits of the classic,
supermodularity-based analysis of complementariiiescoopetition is considered to be
interesting. As stated above, it appears that tdopetition field is extremely well-suited to the
application of the economics of complementaritipgraach. The latter's apparatus would allow
coopetition researchers develop a more rigorousf@meal approach to the study of coopetition
effects. And yet, limitations of such apparatus niesovercome so as to adapt the economics of
complemetarities to real-world managerial settingghis paper we tackled the first of the three
main limitations of the economics of complemetastiThis paper advocates for further research
about the other two kinds too, namely contextuahgiementarities (seminal work is from Porter
& Siggelkow, 2000) and frustrated systems, a terst put forward in managerial setting and
investigated by Gino and Warglien (2004). As Por@nd Siggelkow (2000) show,
complementarity does not emerge in the same wawhatever firm it were applied, and
differences in context of application do impinge ¢me results. This means that firms
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implementing the same system of complementaritdsgr strategic or organizational variables
notwithstanding, will obtain different results. b studies on coopetition should focus on the
role of context in this strategy, and coopetitiorod®als in particular should focus on
“contextuality effects”. Finally, the developmertmodels on systems of complementarities in
which frustrated systems are present seems to tEyparly promising. Frustrated systems
encompass a very common class of complementaritying® where conflicting and
complementary practices inextricably coexist makihglifficult for actors to find optimal
solutions to interactions. This kind of methodologllows for a dynamic view to interactions
(positive and negative ones), and the treatmeatlogh number of variables, which would allow
for modeling complex strategies and their effects.

A more thorough understanding of the role, behawiwdl effect of complementarities in
coopetition could add a fresh perspective to tieislf as well as contribute to a more fitting view
to complementarities as emerging in a managea#ier than economic setting. A better grasp of
the workings of complementarities and of the methogies to study them would also help
managers improve their strategizing abilities wiglspect to coopetition, as well as help them
monitor strategy implementation and management.
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