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Purpose

This paper analyzes the mediating role of contractstrust on the generation of
product innovations stemming from buyer-suppliepwledge-sharing among the
members of the supply chain. Together with theviiddial effects of trust and contracts,
their joint effect is examined in order to determimhether these are complementary or
alternative mechanisms of safeguarding and control.

Design/Methodology/Approach
Drawing on a survey of 202 European machine tepidiacting as buyers and sellers,
we propose and evaluate a structural equation model

Findings

Results confirm that there is a positive relatietween contracts and trust with respect
to buyer-supplier knowledge-sharing, and of theetawith respect to innovation
performance. They also show that firms in whichhlibie levels of trust and contract
use are high reinforce their product-innovationatality based on buyer-supplier
interaction (complementarity thesis). However, hssalso show that, contrary to trust,
contracts by themselves do not act as a stimulysrémuct innovation.

Limitations/Implications

Establishing contracts seems to be a highly recamdek action in a buyer-supplier
relationship focused on increasing innovation capachis does not go against
engendering trust in a relationship. Both trustweitdegree of formalization, in
different ways, help to increase the effect of sitavaluable knowledge on innovation
capacity.

Originality/Value

To our best knowledge, no prior study has delvéal differentiating the use of
contracts and trust as mechanisms in mediatingffieet originated from knowledge-
sharing on product innovation performance with tiféerent samples formed by
buying and selling firms.
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MEDIATION EFFECTS OF TRUST AND CONTRACTS ON
KNOWLEDGE-SHARING AND PRODUCT INNOVATION:
EVIDENCE FROM THE EUROPEAN MACHINE TOOL INDUSTRY

1. INTRODUCTION

A firm’s buyers and suppliers are important soufoeshe identification of strategic
challenges and the knowledge required to meet tirenther words, to innovate.
Relationships with suppliers in particular can hawensiderably positive influence on
buyers’ innovative capacity and their ability tdesthigh quality and added-value
products down the supply chain (Dyer & Nobeoka 2@¥ssant 2004, Wagner 2006).
Collaborative relationships with buyer firms casabe a source of creativity and new
ideas, as well as an effective way of ensuringltgyta the seller. In this connection,
there is a need to establish and maintain long-tetationships (Anderson & Narus
1990; Bidault & Castello 2009; Gila 2009; Gronrd®@83; Jap & Ganesan 2000;
Noordevier et al. 1990) and to find mechanismseféactive diffusion of needs and

knowledge among buyers and suppliers.

Various studies have brought to light the positefationship between knowledge-
sharing and innovation performance for the membgtise supply chain (Li et a009;
Lin et al.2012; Tsai 2009). This has led to the conclusian finms sharing more
knowledge tend to benefit from more valuable inriimves. Sharing information can
also bring risks, however, to the extent that it lesad to a loss of exclusive knowledge
that is fundamental for the firm. Especially im@ot, therefore, are the means available
for ensuring that buyer-supplier knowledge-shatig) does help the organization to
gain a competitive edge without precipitating appartunistic actions from
competitors. The existence of formal contracts thedoresence of trust are two well-
recognized instruments of guarantee and contrilisoend (Williamson 1985, Dyer &
Singh 1998, Wang et al, 2011, Cao and Lumineaus2®owever, current research in
the field has not reached a consensus on whetrstrar a formal contract is more
useful for the purpose of engendering innovatiotheabuyer-supplier realm, or with
respect to how they should be employed. This isrmétion that managers need in
order to focus their efforts on the most adequadefor the improvement of their

innovation capability.



Therefore, the principal aim of this paper is thalgsis of the mediating role of
contracts and trust on the generation of produatvations stemming from buyer-
supplier KS among the members of the supply claaid,thus to give an answer to
some practical questions for management: Will iasieg the formalization of the
contract have a significant effect on innovatiorf@enance? Would an increase in
mutual trust have a comparable effect? Will thege flactors be mutually exclusive
with respect to the improvement of innovation perfance, or reinforcing it? And how

does the combination of the two mediate the efiébluyer-supplier KS on innovation?

Data for analysis were gathered from 202 Europearsfin the machine tool industry,
which is characterized by buyers and providersd#ie main drivers of innovation
(Carlsson 1995; Chuma 2001; Lissoni 2001; Lissoagani 2003; Chen 2006; Otero
2010). Those same buyers and suppliers are alsoduit for potential knowledge
spill-over to competitors (Chen 2006; Chuma 2004sani & Pagani 2003; Otero
2010; Wengel & Shapira 2004). This industry is #fiere a particularly interesting

setting for the study of exchange governance mesimen

Our paper is organized as follows. The introductsofollowed by a review of the
literature on trust and contracts, and their imgacbuyer-supplier KS and innovation,
which forms the basis of a four-part hypothesisdimpirical testing. The third section
explains the methodology of our study, and dessrihe main results. A fourth section
presents our conclusions and then examines theetiead and practical implications of
the study. We finally identify and discuss the bations of the research and the avenues

that remain open for further research.

2. CONCEPTUAL FRAMEWORK AND RESEARCH HYPOTHESIS
2.1. Knowledge-sharing routines and innovation

Dyer & Singh (1998, p. 665) define knowledge-shauoutines among firms as
“regular patterns of inter-firm relations that pérthe transfer, recombination and

creation of specialized knowledge”.

The delivery of complex products and services, wradnable knowledge is
recognized, shared and absorbed from partnergyer@arate improvements in the

selling firm’s cognitive capacity and informatigmecessing capabilities from a



condition of bounded rationality to one of expatignality (Gulati & Sytch, 2007;

Uzzi, 1997). Intense information and knowledge-sttabetween buyers and suppliers
increases the probability of generating new ideaily én the process and of discovering
new ways to enhance performance (Dyer 1997) arg] baia key factor in product
innovation performance (Lin 2007; MacDuffie & Hetg997).

Sharing and exploiting knowledge are linked to¢beditions needed for its transfer,
requiring efforts and resources such as smootleasg communication; parties to the
transfer who request or provide information; acdegschnical information available
for transfer from the employees of one firm to #ho$the other; or technical
communication resources that are compatible withother party’s (Charterina and
Landeta, 2013). The following hypothesis, in linghawo previous studies from
Charterina and Landeta (2010 y 2013), links ther&ffto share information and gain
knowledge with superior performance in product vat®mn. Thus:

Hi. A great knowledge-sharing effort in the buyerdigy relationship is positively

related to superior product innovation performance.

2.2. Trust, knowledge-sharing and product innovatia performance

The literature on business-to-business relatiomssthigcusses numerous ways in which
trust enhances buyers’ and suppliers’ performam&xchange relationships. Given the
goal of our research study, this sub-section witliis on the literature linking trust,
buyer-supplier KS and product innovation.

Trust between buyer and supplier can be defingbdeasxpectation that the other party
can be relied upon to fulfill its obligations, tetve predictably, and to act and
negotiate fairly even when opportunism is possiBiheer, McEvily & Perrone 1998),
whether or not the behavior of said party can baitaged or controlled (Mayer et al.
1995; Joshi & Stump 1999; Krishnan, Geysenks & iitamp 2016)

When buyers and suppliers trust each other, theynare willing to engage in open
communication and share information (Jap 1999; Mor§ Hunt 1994; Villena et al.
2011; Zaheer et al. 1998). In their meta-analyigew of 75 studies van Wijgt al.
(2008, 840) found strongly significant medium togykeffect sizes of trust on



knowledge transfer, concluding that trust and tiergyth were the most important
drivers of organizational knowledge transfer acrggnizations. Effective learning
between partners is thereby facilitated (Gulatist9%ne et al. 2001; Selnes & Sallis

2003) and innovation performance enhanced (Waag 8011).

Trust influences not only how much knowledge isretidetween parties, but also the
type that is transferred. When buyers and suppiielisve they will not be harmed or
placed at risk by the other party’s actions, theyraore likely to share tacit knowledge
that is specific and valuable (Dyer & Singh 199&z1U1997) and even organization-
specific, proprietary and sensitive information gU997; Zaheer et al. 1998; Carey et
al. 2011; Selnes & Sallis 2003). Trust can als@ belevaluate and better understand
knowledge-sharing between buyers and suppliersgleamal. 2001), in that “social
relationship imbues information with veracity andaning beyond its face value” (Uzzi
1997, p. 46).

In long-term relationships, such as those betwkerbtyers and suppliers in our
research sample, there are high levels of uncéytamd risk in terms of resources
committed and final outcomes. Trust plays a critioke in the development of such
long-term relationships, covering expectations aldhat the other party will do in
circumstances that are very difficult to specifyaimritten contract (Blomgvist et al.
2005). In addition, disagreements might occur fi¢int junctures in long-term
relationships. High levels of trust enable bothiparto find joint problem-solving
solutions and sort out problems ‘on the run’ (Uk297), and to have the freedom to
disagree, find productive resolutions to disagragmand produce novel insights from
shared ideas (Moorman et al. 1992; Morgan & Hui®4)9

Researchers have found a strong positive relatiprstween inter-organizational trust,
business performance and innovativeness (Wang20Hl, Zaheer et al998),
suggesting that such trust paves the way towatds-finm negotiations by lowering
transaction costs (Zaheer etE)98) and increasing innovation (Molina-Moraleslet
2011). If the environment is extremely uncertaimitual trust rather than formal
contracts is the most effective mechanism for menggiipe supply chain relationship
(Wang et al2011). When the high level of uncertainty is rediate partner firms’
behavior, trust has been found to have a partigutesitive effect on performance
(Krishnan, Martin and Noorderhaven (2006).



The role of trust as either an antecedent or mediatouyer-supplier KS has been
widely discussed in business-to-business literatdosvever, few previous studies have
focused on its mediating effect in the directiomm knowledge sharingp innovation.
Trust can develop from knowledge mutually gainethmrelationship, exercised by
means of what Ballantyne (2004) has called “iteeatiycles of dialogue”. In the
supplier-manufacturer relationship, the establightinoé embedded ties enables the
creation of informal coordination mechanisms with tonsequent elements of trust,
commitment or joint problem-solving (Huang and Gip2008). Pre-existing levels of
trust between incumbent firms and potential bupédisruptive technologies affect the
former’s intention to adopt a new, disruptive tealogy (Obal 2013).

In long-term buyer-seller arrangements charactérigea high level of servicing, it is
plausible to expect a relationship in which trust only enhances buyer-supplier KS
but that the relationship, in turn, also acts pesly on trust. Therefore, we hypothesize
that:

H.a In @ buyer-supplier relationship, greater knowkedharing routines are positively

associated with a higher degree of trust.

Reflecting on the extensive work published on tassa variable that is positively
linked to product-innovation performance, we alsoppse:

Hap. In a buyer-supplier relationship, greater tresassociated with a higher degree of

product innovation performance.

The linkage of these two sub-hypotheses allows @gtount for the mediation effect
(Baron and Kenny 1986; Cheung 2007; Hayes 2018sf in the relationship between
buyer-supplier KS and product innovation perforneawe therefore further

hypothesize that:

Hac. Trust positively mediates the effect of buyersigy KS routines on product

innovation performance.

2.3 Contracts, knowledge-sharing and product innov#on performance

Empirical evidence on indication of linkages betweentracts, buyer-supplier KS and
product innovation has not been conclusive. Orotleehand, contracts can delineate
the rights and obligations of buyers and suppbked thereby reduce the risk of



opportunism. Specifically, there is empirical evide that they: improve partners’
coordination and commitment (Jap and Ganesan 2608gnce the level of
cooperation (Sivadas and Dwyer 2000); encouragditfteission and articulation of
unspoken assumptions (Cannon et al. 2000); makeege of information transparent
(Noordhoff et al. 2011) and clarify expectationsl aligations relating to innovation
performance (Wang, Yeung and Zhang 2011). Thesdggenhance buyer firms’
innovation performance and cost control (Carey.2Gl1); and, as an overall
consequence, facilitate knowledge transfer andaongproduct innovation

performance (Wang et al. 2011).

According to Noordhoff et al. (2011), contractsvbetn firms typically envisage and
establish communication activities to be completekiey future points in the

innovation process, and set them up. This meany#haable information which may
have been overlooked in a less formalized relakignis included and that it is more
structured and refined when shared. It should r@dace trivial and repetitive informal
information flows that feed redundancy. In additioantracts provide a way to manage
conflict during knowledge transfer. Thus, the rigksociated with spillover from buyer-
supplier KS and collaborative innovation acrosssingply chain are lower, and the
corresponding transaction costs reduced (Wang 204al).

On the other hand, contracts between buyers arglistgpthat are too detailed and
complex can be as harmful to the knowledge transfaress as those containing too
little information (Wang et al., 2011). The fornmaay provide little flexibility to both
parties (Jap and Ganesan 2000), hinder informatianing between a manufacturer and
its suppliers in a limited area because of cleamfractual specification of what is and
what is not allowed (Wang et al. 2011), and limformal buyer-supplier KS
(Noordhoff et al. 2011). Furthermore, as explicbtacts can signal a lack of trust on
the buyer’s part to the supplier, resulting in wwass from the latter, this is likely to
bring about lower levels of commitment (Jap and&san 2000) and sharing of tacit
knowledge (Wang et al. 2011). The use of complekdetailed contracts in a
manufacturer-supplier relationship may thus hindewledge transfer and

collaborative innovation.

In fact, a study by Wang et al. (2011) highlightledt a contract with too many

specifications can be as harmful as one with title kietail, despite a positive link



between a well-specified contract and a firm's vatmn performance, (forming an

inverted U-shaped relationship)

The research discussed in this sub-section hasddoon explanation of how formal
contracts affect buyer-supplier KS. Though the nbtogy of the factors and effects
might imply causation, it will not be clear-cuttime case of long-lasting and reiterative
relationships or those entailing the sale of a demproduct demanding continuous
revision of contract clauses. Given that positiffeats are more frequent than negative
ones according to the literature, and that therate more often a consequence of
inadequate administration of contracts than actueing them, we hypothesize the
links between contracts and buyer-supplier KS Hgevio

Hsa A more intensive level of knowledge-sharing rkéd to a greater use of contracts

setting out the terms of the relationship betwegyebs and suppliers.

Hsp. Intensity in the use of contracts is linked tieigher level of product innovation

performance.

Hsc.. Contracts positively mediate the effect of knadge-sharing routines on product

innovation performance.

2.4. Do contracts and trust substitute or complemereach other?

The literature has approached the relationship dé@tvirust and contracts as one in
which either factor substitutes the other or the templement each another. The
substitution view argues that trust reduces thel m@eformal contracts (Gulati 1995;
Ghoshal & Moran 1996; Dyer & Singh 1998; Uzzi 199aheer et al. 1998; Adler
2001; Wuyts & Geyskens 2005; Yang et al. 2011; Wetrg). 2011). Proponents of the
substitution argument assert that firms shouldatteimpt to build trust and construct
formal contracts simultaneously, since both stiategre costly in terms of time and
effort (Wuyts and Geykens 2005), and that one of $tvategies serving the same goal
of reducing opportunistic behavior may prove tadgundant (Dyer & Singh 1998).
Thus, when there are high levels of trust betwagrets and suppliers, it is unnecessary
to specify or monitor contractual clauses (Dyeri&gh 1998) and it is possible to
reduce transaction costs by “replacing contracts handshakes” (Adler 2001). It has
also been argued that exchange partners exhiltattébal expectations of willingness to

make adaptations” (Heide & John 1992) to their @mitial obligations in response to



changes in their operational environments, rathan strictly adhering to the original

terms.

Some researchers have further suggested that ctenéirad trust are not only redundant
but in fact counteract their respective effectyifg to reduce opportunistic behavior
by drafting unduly detailed contracts containingroive terms, clauses and sanctions,
may be interpreted as a signal of distrust (Japat&san 2000). That distrust may, in
turn, breed more distrust, causing the relationbbkigveen the controlling and
controlled parties to degenerate into “pathologsgataling relationships” (Ghoshal &
Moran 1996). Paradoxically, high levels of trustl@ooperation between buyers and
suppliers can actually undermine the effectivermégxplicit contracts, because of

reluctance to obey severely enforced contractuaildgAntia & Frazier 2001).

The alternative complementary analysis of the i@iahip was proposed by Ring &

Van de Ven (1994), Cannon et al. (2000), Poppo &gée (2002), Luo (2002), Reuer

& Arifio (2007), Liu et al. (2009), and Carey et@011). Given that contracts specify a
long-term commitment to buyer-supplier KS, reduerisk of opportunistic behavior
and promote expectations that the other partylweilave cooperatively, they contribute
to the development of trust. However, in a revermaplementary relation, trust
facilitates the refinement of contracts (Poppo Zedger 2002). It has also been found
that the co-existence of trust and contracts lasygplementary effect: the higher the
levels of trust and previous collaboration, thaexasis to adapt the contract to
unforeseen changes of circumstance and completthinew clauses and conditions,
thereby nurturing continuing cooperation (Luo 200®hen both contracts and trust are
present, ‘relationship performance’ improves magaificantly and opportunism is
more effectively restrained than when only onehefvariables is present (Liu 2009).
Furthermore, there is empirical evidence that @mttral agreements help ensure the
continuity of the exchange when buyers and suppsbare ‘relational norms’ by virtue
of clarifying the obligations and expectationsué parties (Cannon et al. 2000). Lastly,
it has been found that enforcement of contract $drelps to ease buyers’ transition into
exchanges with new sellers, thereby reducing tkzarda, particularly in situations of

high uncertainty about finding optimal partnersZtarini et al. 2008)

Contradictory empirical studies that support oppg®xplanations of the mutual effect
of contracts and trust are largely explained byf#ioe that the two factors play different

roles and are not equally effective in regulatingibess relationships in all the
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industries and regions in which research was caedu€or example, Yang et al.
(2011) and Wang et al. (2011) warn that they coldgeneralize the results of their
study which supported the substitution view, gitleat said results were influenced by
Chinese culture and China’s rather ineffective legatem. We assume that the
economic, cultural, political, legal, and businesatexts in which buyers and suppliers
are embedded, and that these influence the eféeess of trust and contracts as
governance mechanisms. Thus, we argue that restatest for complementarity or
substitution should focus on key industry sectora variety of countries and regions in

order to form a basis for the future generalizatdfindings.

To sum up, there seem to be different but equatlychl arguments for interpreting the
contradictions that have been found with regarithéomutual effects of contracts and
trust, namely the complexity of contractual proets and factors related to regionality
and industry sectors. In this sense, the charatitriof the machine tool industry, on
which we base the empirical study, its focus oblstauyer-seller relationships, and its
geographical location in Europe, lead us to formeugaur hypothesis on positive

relation:

H4. The use of contracts is significantly relatectioigher level of trust.

Figure 1 shows the research hypotheses schemgiitalgeneral conceptual

framework for the study.

Figure 1. Conceptual framework

Product-
innovation
performanc

Knowledge
sharing

H3a+

Contracts
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As well as the formal research hypotheses, thedidepicts the indirect effects linked
to trust and the use of contracts as mediatofsamelationship between buyer-supplier
KS and product innovation performance. It also showst as a mediator in the path

from contracts to product innovation performanchkicly was not hypothesized.

3. THE STUDY

3.1 Sample selection

The data for this empirical study were gatheredhfeosample of European companies
in Divisions 28.4 and 28.9 of the European CommnaissiNACE Rev.5tatistical
Classification of Economic activities in the EurapegCommunitywhich are
respectively ‘Manufacture of metal forming machyand machine tools’ and
‘Manufacture of other special-purpose machineryir@stat 2008). Telephone
interviews were conducted with 202 managers irstdies, production, and management
departments between May and July 2010 by a spgcathmissioned professional
interviewing organization. These represent the esgfolly completed interviews from a
number of 632 initially contacted firms. The firmsmprising the sampling frame were
9,112 companies. These were selected from the NIS&Eby reference to the
AMADEUS searchable database of company informadiwh business intelligence
relating to 14 million companies in 43 Europeanraades including the Russian
Federation (Bureau van Dijk 2014). A sampling queée constructed on the basis of
the relative shares of the total machine tool itrgus the European Union member
states plus Switzerland.

From a sampling frame of 9,112 companies, a quatgbng process dividing the
population of firms in terms of country of origiand size was followed. Proportions
from countries were: 37% from Germany, 19.7% froahyl 8.2% from Spain, 6.9%
from France, 7.6% from Switzerland, and 20.7% ftomrest of countries. In terms of
size, an equal proportion distribution was formeddihg companies in two groups:
those of less than 100 employees, and those havimg than this number.

Average response rate from these telephone intesvire all the considered sub-groups
was of approximately 32% until completion of thgquiged sample of 202 complete
valid interviews. The questionnaire was administeneEnglish.

The following table shows some of the basic desiggpralues as obtained from the

final sample:
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Table 1. Used sample

Variable
Size of firm Selling firms Buying firms
< 100 workers 45 50
> 100 workers 52 55
Relationship with Since 2008 5.0%
buyer/seller Since 2006-20071 4.5%
Since 2003-2004 11.3%
Since 2000-2002 17.3%
Since before 2000 61.9%
Industries involved Industrial equipmen 35.3%
Motor and motor parts 11.3%
Dies and moulds 6.0%
Food 5.3%
Textile 4.0%
Aero-space 2.3%
Wood 2.3%
Plastic materialg 1.3%
Other 32.2%

In order to attain the highest possible level dfustness in the model and to minimize
variance in measurements and results between ppdysand the distribution channels,
the total sample was divided into two subsamplasnéd by firms buying (n = 105)
and selling (n = 97) the specified machinery andhree tools. The division of the
sample into buyers and sellers in order to tesptbposed measurement and causal
models implies its inclusion as a control variallee to the reduced sizes of said sub-
samples, no other control variables were takethi®mnalysis. However, we used
company unit data on their nationality and sizegritler not to depart significantly from
population quotas.

The criterion for selection of respondents was thay should be: in the case of the
buying firms, the most senior production executvgfailing that, a plant manager or
the CEO. In the case of the selling firms, theyenareferably a sales manager or else
the CEO. Respondents were asked to focus on @ylartrelationship with
counterparts in a selling or buying firm, prefesatiring a recent buying or selling
operation. The relationship was to have involvexigale and purchase of machinery,
machine parts or complete installations which fieatian innovation of some sort,
which had originated, at least in part, from théateonship with that particular buyer

or suppliet

3.2 Questionnaire design
To collect data measurimgoduct innovation performanceie constructed a scale
based on those in studies by Gemiinden, Ritter &delleneck (1996), Ritter &
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Gemdunden (2004) and Salomo, Weise & Gemunden (200@)scale used for
responses relating tmuyer-supplier KS routinedrew on the original ideas of Dyer &
Singh (1998) and Dyer & Nobeoka (2000), two semimaiks which did not
themselves propose measurement scales. On thss Wi the collaboration of 26
teaching staff and doctoral students at a SpamdiGerman university, an initial list of
items was drawn up. It was in turn subjected tgukdgments of two other research
teams from our own department who had contribuetie study, allowing us finally to
refine the list to six and five items for the caséproduct-innovation performance and
buyer-supplier KS routines, respectively.

Following the testing of the measurement modeljtemtahlly to the restriction of
eliminating poor values in terms of reliability andlidity, we had to reduce the number
or admitted items per construct to only those &hsd guarantee the condition of
measurement invariance across the two studiedauipies (explained below). Thus,
the items shown in Table 2 are those that finadiyplied with this condition: 2 from
the initial number of 5, foproduct innovation performanca,from 5 inknowledge-
sharing all (i.e. 3) of the considered frooontracts,and 2 from 3 initially considered
for trust. These scales were comprised of two and three jterggectively (shown in
Table 2).

With respect to the trust factor, there are relevarks showing how it has to be
measured (see for example: Seppanen et al., 200&s &t al., 2010; Whipple et al.,
2013). In our case, respondents answered on thef$%m interpersonal
trustworthiness’ scale developed by Jap (1999h®lgh the original scale from this
author contained five items, the invariance testdbth subsamples (explained below)
obliged us to reduce this scales to two (see inelrap

For measurement of tlentractsconstruct, the scale was derived from the ‘legal
bonds’ factor in the work of Cannon et al. (2000@ih a total of three items (see Table
2).

We used 7 point Likert scales. The measuremeneseatre devised for interpretation
depending on whether the respondent’s firm wadbtlyer or seller in a machine tool
sales transaction. Individual evaluations furthererfocused either on the sales or
purchasing functions in a respondent’s own firnoioithe buyer-seller relationship as a

whole.

3.3 Testing the measurement model
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Table 2 presents translations of respondents’ wieni@mments relating to the ten
measurement items finally included in the measuremmodel, with the corresponding
reliability in each case. Factor loadings, Cronbaéthpha, average variance extracted
(AVE) and construct reliability measures demonsteaterage-to-good values,
depending on the factor measured. In the caseediulier-supplier KS factor, the test
measures did not reach the minimum recommende@vatu0.70 for Cronbach’s alpha
(Nunnally & Bernstein 1994) or 0.50 for the AVE (Rell & Larcker 1981). However,
composite reliability measures between 0.6 andr@ay be considered acceptable if the
estimates of the model validity are good (Malhetral. 2012, p.876). In particular, the
chi-square test result (Anderson & Gerbing 1988ficmed discriminant validity
among the factors, as general convergence resiti;ed from setting the highest
correlation to 1 yielded an adjusted result infetothat from the obtained correlation.
Table 2. Reliability testing

Standardized  Cronbach’s AVE Composite
loadings alpha reliability

Innovation performance
INP1: Thanks to the incorporated 0.723
innovations, the product sold to this customer
(or purchased from this supplier) allows us to
attain exceptional quality or competitive
advantage in the sector.
INP2: Thanks to incorporated innovations, 0.852 0.763 0.624 0.768
the machine sold (or purchased) provides us
with a significant competitive edge.

Knowledge-sharing routines
KSR1: Our technical experts provided our 0.632
customer (or supplier) with a lot of
information and specific knowledge, which
was a very useful input to the development of
our product.
KSR2: We believe that good innovative ideas 0.579
have derived from the suggestions or demands
that we make or have made on our customer
(or supplier).
KSR3: We have or have had frequent 0.673 0.663 0.396 0.662
discussions with this customer (or supplier) at
which we put forward worthwhile information
for improvement of the machine we sold (or
purchased).

Contracts
CO1: We have or have had written 0.963
agreements detailing the obligations of both
parties.
CO2: We have detailed written agreements 0.960
with this customer (or supplier).
CO3: We have or have had a detailed contract 0.757 0.919 0.807 0.854
with this customer (or supplier), specifying
the innovation that the product is or was to
feature.

Trust
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TR1: Both the customer (or supplier) and our

company try to help each other mutually. 0.643
TR2: Both companies trust each other. 0.766 0.677 0.500 0.665
Notes:

Base: 202 responses
MAXIMUM LIKELIHOOD MEASURES: X = 46.097 p = 0.02295; 29 d.f. ; Standardized Root Mean Square

Error of Approximation (RMSEA) = 0.056; 90% Confit Interval of RMSEA (0.021, 0.088)andardized Root
Mean Square Residu&8RMR = 0.043 ; Comparative Fit Index (CFI) = 0.981

ROBUST MEASURES: Satorra Bentlgf = 37.099p = 0.14372; 29 d.f.;Bentler-Bonett Normed Fit Index =
0.955;Bentler-Bonett Non-Normed Fit Index = 0.984 = 0.989; Bollen’s Incremental Fit Index = 0.990
RMSEA = 0.039; 90% Confidence Interval of RMSEA0@0, 0.072).

The obtained means, standard deviations and peadson correlations of the used
items are represented in table 3. We obtained ditGatory Factor Analysis (CFA)
from these items grouped into the above definedtcocts of our model using
Structural Equation Modelling (Bollen 1989).

Table 3. Means, standard deviations and Pearson aetations of the model items

for the whole sample

Std.
ltem Mean Dev. (2) (3) @) () (6 (7 (8 (9 (10
(1)INPL  5.72 1.036

(2)INP2 561 1.02€0.616

(3) KS1 5.58 1.25¢0.252" 0.294

(4) KS2 5.39 1.05¢0.322° 0.272" 0.408

(5) KS3 5.27 1.3470.324" 0.321" 0.402" 0.387"

(6) CO1 5.06 1.88¢0.142 0.279° 0.134 0.094 0.236

(7) CO2 4.97 1.85:0.206° 0.290° 0.202° 0.125 0.314" 0.924"

(8)MCO3 4.79 1.892 0.173 0.250° 0.143 0.091 0.254" 0.720° 0.725

(9) TR1 5.63 1.1920.290° 0.334" 0.237" 0.130 0.204" 0.463" 0.427" 0.368

(10) TR2 5.86 0.957 0.365 0.498" 0.252° 0.240° 0.370° 0.391" 0.433" 0.349" 0.524

*p <0.05; *p<0.01

For its part, Table 4 shows that the confidencerual for each of the bivariate factor
correlations did not include the value of 1 in @oynfidence interval. Finally, the square
roots of all AVE values obtained are higher thap emrrelation in their corresponding
row or column. Convergent and discriminant valigityiong the five factors is therefore

demonstrated by the tests applied.
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Table 4. Test of discriminant validity

Innovation Knowledge-
performance sharing routines  Contracts Trust
Innovation performance 0.790 0.622" 0.3127 0.690"
Knowledge-sharing routines | (0.446; 0.818) 0.629 0.383" 0.624"
Contracts (0.145; 0.479)  (0.193;0.573) 0.899 0.620~
Trust (0.535; 0.845) (0.434;0.814) (0.491;0.749) 0.707

Notes:
*n, 0.05; **p, 0.01; **p, 0.001. Diagonal valsgepresent the square root of the AVE. Those above
the diagonal are factor correlations; those belmitlae confidence intervals of factor correlations.

According to the literature, in a cross-sectiordgilcommon method variance can be
lowered by means of a seriesexfantepractical decisions, arek postests (Chang,
Van Witteloostuijn, & Eden 2010, Nimon & Astakho2@15, Simmering, Fuller,
Richardson, Ocal, & Atinc 2015). Thex antedecisions involved the introduction of
dependent and independent variables in differestises of the questionnaire, a
guarantee of anonymity of interviewees, and anratelselection of respondents
(MacKenzie & Posdsakoff, 2012). These measuregitbesicabove were put in practice
in the enclosed empirical study.

With respect t@x posimeasurement common method variance can be aseertayn
means of a number of procedures (Podsakoff andnCirg§a6, Lindell and Whitney
2001, Podsakoff et al. 2003). A first test is theridan’s one factor procedure using
Principal Component Analysis (Podsakoff and Orgad86). From this test, the obtained
non-rotated single factor solution rendered a pridgo of total variance equal to
40.46%, less than the limit threshold of 50%.

However, nowadays this test is not regarded iditbature as one giving sufficient
accuracy of method variance. Thus, following Lind@eld Whitney’'s (2001) increased
marker variable factor, we employed a seeminglglated construct containing three
reflective items and nametependenceThis construct had been considered in the
empirical study but finally was not included in ouodel. The results obtained show
that the added factor did not give a significact@ased effect in the general adjusted
valued Chi-square valued)? = 23.702 forAdf=26, from the accepted CFA model).
Thus, from these results we can conclude that #esorement scale do not reach a
critical level of common method variance.

To assess the extent to which the outcome of odlystias a robust and generally
applicable model, we applied it both to a buyanfs view of its relationships with

suppliers and to a supplier firm’s view of its tedaships with buyer firms. If a
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measurement scale is to be used in different ssilo$et sampling universe, as in this
case, the observed variables or scales must baanvacross the whole research
population (Mellenbergh 1989; Meredith 1993) at ohéhree levels labeled by

Meredith as ‘weak’, ‘strong’ or ‘strict’.

Measurement invariance is held to be weak if etafifactor loadings is found for at
least two items per factor (Byrne 1989; Byrne 2001841-246; Hair et al. 2006, p.823;
Muthén & Christofferson 1981). Tabteshows that, in the case of the scales used in our
study, the incremental chi-square values obtairedahstrate the non-significance of

the value for the general adjustment, due to thiction of equal factor loadings
between seller and buyer firms. Thus, the measuremeariance between the buyer

and seller subsamples was found to be weak.

Table 5. Tests of measurement invariance

vl Pes™ | df | Ay | Adf P | Av’se | Pss RMSEA SRMR | CFI TLI
(90% ClI) (NNFI)

Single groups: 0.081
Buyers (n=95) | 45.937 | 33.265| 29 (0.030, 0.123)| 0.067 | 0.967 | 0.948
() (0.024) | (0.267)
Sellers (n=97) | 50.944 | 37.281| 29 0.093 0.059 | 0.943| 0.912
() (0.007) | (0.139) (0.048, 0.134)
Measurement
invariance: 0.063 | 0.957 | 0.933
Equal form 96.882 | 70.529 | 58 0.087
(9) (0.001) | (0.125) (0.055, 0.116)| 0.067 | 0.960 | 0.944
Equal factor | 99,896 | 74.105| 64 | 3.014| 6 | 0.807| 2.739 | 0.841
loadings (0.003) | (0.182) 0.080
() (0.047, 0.108)
Notes:

Base: 202 responses

90%ClI = 90% confidence interval for RMSEA (Root MeBquare Error of Approximation); SRMR = standaedizoot mean square
residual; CFl = comparative fit index; TLI (NNFI)Fucker-Lewis Index (Bentler-Bonett non-normeditiiiex)

T Maximum-Likelihood adjusted chi-square values

t1Satorra-Bentler adjusted chi-square values

3.4 Results

Structural equation modeling was used to test igjiet @ypotheses comprising the
proposed model of the impact of trust and contrastbuyer-supplier knowledge-
sharing and their effect on innovation, as setsashematically in Figure 1. The results

are presented in Tabte
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Hypotheses IHto Hp, Hsa Hsp and H, were assessed by means of the decomposition of
total effects into the direct effects of their respve antecedent over the consequent.
The rows of the table relating to,Hand H and those captioned (1), (2) and (3)
contain all the possible indirect effects existiaghong the factors in the model.
However, an important limitation of this procedueethe possibility of non-linear
effects among factors (Wang et al. 2011), suchhasctase of an inverted U-shaped
relationship between the use of contracts and iatm@v performance, in which both too
few or too detailed contractual terms correspondldw levels of innovation
performance. The same could apply to the level s& aof contracts with respect to
buyer-supplier KS. We did in fact examine the dffefcany possible quadratic effect of
factor contracts, or a non-linear relation of thes#h buyer-supplier KS or with trust,

finding no significant effects. These results aseéshown here for the sake of brevity.

Table 6. Regression Coefficients,values and Model Summary Information

Total Total samplet Multi-sample model fe
Buyers Sellers
Direct and Std t Std t Std t A Two-tailed
indirect effects| Coeff Coeff Coeff Std t
Coeff
H, KS—IP 0311 | 2.379 | 0.487 | 3.49% 0.460 | 3.49% 0.027 0.983
Haa KS—T 0.585 | 4.397° | 0.557 | 3.837 0.393 3.411T 0.055 0.965
Hap T—PIP 0.616 | 3.149 | 0.510 2.045 0.345 2.149 0.165 0.896
Hoe KS»T—PIP | 0.266| 2546 | 0.229 1.762 0.136 2.546| 0.093 0.941
Haa KS—C 0.318 | 2.996 | 0.182 1.907 0.212 1.907 -0.030 0.981
Hap C— PIP -0.170| -1.591| -0.041 -0.217 -0.04B -0.358 0.007 0.996
Hae KS—»C—PIP | -0.054| -1.348| -0.004 -0.196 -0.01D -0.318 0.003  0.998
H, CoT 0.482 | 4558 | 0.595 | 4.45% 0.479 3.411T 0.116 0.926
(1) C—»T— PIP 0.297 3.031 0.304 1.914 0.165 1.805 0.139 0.912
2) KS— C—»T 0.154 2.335 | 0.108 1.680 0.101 1.531 0.007 0.996
3) KS=T— | 4004 | 2063 | 0055 | 1.330 | 0035| 1.317] 0.020 0.987
C— PIP
Notes:
KS = knowledge sharing; PIP = product-innovatiomf@enance; T = trust; C =
contracts
T y’ss (df=29) = 37.099( = 0.144); RMSEA= 0.039 (0.000, 0.072); CFI = 0.989;
TLI =0.984
e y%ss (df=67) = 75.885f = 0.214); RMSEA= 0.039 (0.000, 0.076); CFI = 0.990;
TLI = 0.987

* p<0.05; ** p<0.01; *** p<0.001
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Overall, the regression coefficients relating te llypotheses do not vary from the total
sample to the buyer and seller subsamples. Thdsdetahe results show, first of all,
that there is a positive and significant direcatieinship between buyer-supplier KS and
product innovation performance, supporting hypathks. A significant positive
relationship was also found between buyer-suppliiand mutual trust and between
trust and product innovation performance, meartiag) hypotheses Hand Hyare
supported.

The proposed model also shows the full extent@htiediation effects of both trust and
the use of contracts in the relationship betwegrebaupplier KS and product
innovation performance. An interesting interpretatof these relationships emerges
from analysis of the mediating role of trust, fotimad in hypothesis K. In the cases of
the total sample and the selling companies subsamlarticular, this mediation effect
Is significantly positive, meaning that inter-fitnust accounts at least partially for the
positive relationship existing between buyer-sugiS and product innovation
performance. This positive sign in the mediatide&fwas also found in the buying

firms subsample, but only at a weak significaneellef 8.1%.

Contrary to the propositions in hypothesig,Hhe use of contracts does not seem to
have any significant effect, positive or negatiwe,product innovation performance in
any of the subsamples. They are therefore reje€edhe contrary, a more intensive
level of buyer-supplier KS seems to be positivelated to greater use of contracts, as
posited in hypothesisdd This result holds only in the case of the whalmple, though

it is almost statistically significant at 5% in thases of the buyer and seller subsamples.

A more complete view of this relationship is tofband in the mediation role of
contracts between buyer-supplier KS and trusthaws in the row of Table 5 labeled
(2). Again, the regression slope of this indirdéa is significantly positive in the case
of the total sample, meaning that a significantiparof the positive effect of buyer-
supplier KS on trust is attributable to the useamitracts. However, their mediating role
in the relation between buyer-supplier KS and pobéunovation performance is
negative, albeit non-significant. It seems thatuke of contracts has a dual role,
positively related to trust and buyer-supplier KStloe one hand, but with a non-
significant negative effect on product innovati@rfprmance on the other.
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Lastly, these results show a significant positefation between trust and contracts.
This supports hypothesis;ldustaining a complementary relation between these t

measures of guarantee and control.

4. DISCUSSION

The results of our study support the view of thegamiiy of works in the relevant
literature, stressing the importance of knowledgarisg between buyers and their

suppliers, and the relevant role of trust in otdeachieve this.

However, the role of contracts is more controvér§lantracts seem necessary for
buyer-supplier KS to take place, such as Jap ameé$aa 2000, Sivadas and Dwyer
2000, Noordhoff et al. 2011, and Wang et al. 20dvoaated. However, contracts alone
do not act as an antecedent factor contributingcty to innovation performance. The
proposal from Wang (2011) that the relation betwberformalization of norms in a
contract and innovation performance is not linaad forms an inverted ‘U’ shaped

effect may explain this apparent lack of relation.

Secondly, the findings of our study do not seemsujgport the notion of contracts and
trust as alternative governance mechanisms inukerksupplier transaction. On the
contrary, they are consistent with the literatumkihg those phenomenain a
complementary relationship (Ring and Van de Vend1@annon et al. 2000; Poppo
and Zenger 2002; Luo 2002; Reuer and Arifio 200 etial. 2009; Carey et al. 2011).
Each performs a different role within the geneigkotive of achieving the required
level of relationship governance. On the basisurfresults, it is plausible, on the one
hand, to assert that contracts are a necessagdiegt for the development of trust. On
the other hand, it is only trust that exerts afpasinfluence on product innovation
performance. Specification of the mutual obligasiomthe relationship, under a
contract, favors mutual trust and relates possivelthe exchange of knowledge
between the parties, although, as we have preyiaougicated, they hold no direct
influence on innovation performance. For said caarsteffect relationship to occur,

mutual trust must be bolstered in the relationship.

Furthermore, it must be considered that the higallef correlation between trust and
contracts could have led us to posit, insteadsgrees of mediation effects, an

interaction effect (Baron & Kenny 1986; Hayes 20Xpkecifically, a positive
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interaction between trust and contracts actingpmlwnation on product innovation
performance. To be clear, that possibility was eiogliy checked and discarded,

although those results are not presented heréhdaake of brevity.

5. CONCLUSIONS

This study tests, from a double set of machinestbalers and suppliers, the mediating
role of contracts and trust on the generation oflpct innovation as a consequence of

their efforts to share knowledge.

Results back the relevant role of buyer-supplieradSnnovation performance, and
show the mutual interaction between trust and eatgrand their individual and
combined mediation effects on the causal linkage/den buyer-supplier KS and
product innovation performance. These results caortine positive relationship
between trust and the use of contracts with redpdmtiyer-supplier KS, and that there
Is a significant and positive interaction betweeese two variables. It is also evidenced
that trust within the relationship mediates thedineffect from buyer-supplier KS to
product innovation performance partially althougtaisignificantly positive manner.

However, contracts alone do not act as a diraciutis for product innovation.

These results bring important implications for ngeraent: buyers and suppliers who
seek to improve their innovative capacity basetheir relationship must act to share
knowledge valid for this purpose, improving thehieical resources that facilitate the
exchange, its frequency, content and quality. treothat this can take place, the
mediation effects from the use of contracts ansittseem to be relevant: specification
of contracts stating the agreements, expectatiod®hligations of the parties
guarantees the initial point of exchanges. Thidwng relationship helps to generate
trust between the parties, as long as their minelahvior reveals to be based on good
faith and not opportunism. This increased configgmompts sharing more valuable
knowledge and continuously improves innovative cagaTherefore, entering into
contracts with a degree of formalization that iases confidence (without detracting
from it) and does not defraud the other party’seexations through opportunistic
behavior seem to be two highly recommended actiotize buyer -supplier relationship

oriented to the improvement of innovative capacity.
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Lastly, we highlight that these implications aréid/éor both sides within the buyer-
supplier dyadic relationship. This was obtainearfrequivalence in the cases of both
buying firms with respect to their sellers andisglffirms with respect to their buyers.
Previous research has been conducted from thequérgp of either one or the other. To
the best of our knowledge, no other empirical stieghorted in the literature has
confirmed the hypothesized relationships amondabmrs investigated here by

collecting data simultaneously from subsampleseting and buying firms.

6. LIMITATIONS AND IMPLICATIONS FOR FUTURE RESEARCH

A methodological limitation of our study, affectitige scope for generalization, is that
the sample from which the data for analysis wetkected was drawn from a frame
containing only companies in the machine tool adted industries. Said sector is
particularly characterized by very long-standingdausupplier relationships. They
often span the working life of the product or itistizon between companies consuming
or producing complex custom-built products for whservicing becomes vital. The
context is distinctive in its constituent web ofatenships, in the form of ‘weak ties’
(Granovetter 1973) downwards in the value-addimg@ss, upwards along the supply
chain, and horizontally with other companies inshene location (Marshall 1890). In
this context, not only trust but also other elermamntributing to the governance of the
relationship, such as reputation or word-of-mob#gome very relevant. Future studies

should incorporate these effects, comparativelyragrdifferent industries.

Another limitation was encountered during the pssocef validating the measurement
scales. The condition of weak measurement invagiagcoss the two analyzed
populations obliged us to discard a number of it@vhallenbergh 1989; Meredith
1993), resulting in a minimum of two in the casetw innovation-performance and

trust constructs (see Table 1).

Future studies may also include more fine-grainedsures of, for example, knowledge
exchange, a phenomenon hard to capture. Multipbssares used in some studies that
were not considered by us before conducting thigesu(Cummings and Teng, 2003,
61-63; Du et al., 2007, 41; Li, 2012, 5406-07) barvery helpful for this purpose.
Likewise, while our study has been focused on bgygplier relations in the machine

tool industry, we think that it could be interesgtito also measure the mediation effects
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of trust on the relationship between knowledge arge and product innovation
between NPD teams within firms. In recent yearsaymaachine tool firms have grown
internationally via mergers and acquisitions okfgn firms, and we think that it could
be interesting to research what kind of barriessé¢hfirms found for the knowledge
transfer between NPD teams of the parent companigsheir affiliates and
subsidiaries. For this purpose, the literatureawwtonducted by Frank et al. (2014)

could be highly valuable as a starting point.

Finally, it must be recognized that the interre@las among the factors analyzed here,
and others that were discarded, will usually evalyeamically over a number of years.
A cross-sectional study such as ours can only Stuome of these relationships in a very
limited and static manner. The direction of caugali some of those in the model is an
important aspect that we think cannot be fully esieed in a cross-sectional empirical
analysis of what are, in fact, long-standing busgter relations. In our study in
particular, we assumed that it would become diffitudistinguish the direction of
causality between buyer-supplier KS and the usmofracts after a long period of time,
or between contracts and trust. We neverthelesslitaln significant slopes,
exclusively in the form of recursive effects. A ¢ptudinal empirical analysis could
shed more light on the true nature of the inteti@ighips among these factors.
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