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Main stream research predominantly views contracts as being sufficient for (i.e., driving) performance. In
contrast, necessity-thinking implies that contracts allow performance to exist: if the necessary condition
is not in place (at the right level), the desired performance will not occur, irrespective of other drivers of
performance. Statements implying necessity are common in supply management research; yet, to date,
an appropriate tool for testing such statements has been lacking. This article makes the case for the
newly developed Necessary Condition Analysis (NCA) method, and applies it to data on forty-eight
buyer-supplier service outsourcing relationships to explore the necessity of contracts for a specific re-
lationship outcome, i.e., supplier-led innovation. Also, the necessity of trust is explored, as contracts are
implemented within a broader context that involves social characteristics of relationships. The results
show that successful relationships, i.e., relationships that have high levels of innovation (as observed in
the top ten percent of the relationships studied) must necessarily have contracts with at least medium
levels of contractual detail, as well as the highest levels of trust. In relationships with low levels of
innovation (i.e., innovation levels that can be achieved by about half of the relationships), neither of the
conditions (i.e., contracts and trust) is necessary. As such, applying NCA results in a fundamentally dif-
ferent understanding of the relationship between innovation, and contracts and trust. The results in-
dicate that managers should first ensure the right levels of these necessary conditions, before giving
attention to other factors that (on average) produce innovation.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Research focusing on the performance effects of contractual
governance (e.g., Anderson and Dekker, 2005; Schepker et al.,
2014) has in common that contracts are predominantly viewed as
causing or driving performance: increasing the level of contractual
governance is sufficient to obtain a certain increase in performance
(X produces Y). Sufficient conditions can be considered one dis-
tinct logical part of the notion of causality (Dul, 2016b).

The other distinct logical part concerns necessary conditions:
performance will not be attained when contractual governance is
absent (no Y without X). Thus, while a sufficient cause produces
the outcome, a necessary cause allows the outcome to exist.
Conversely, without the necessary cause, the outcome will not
(W. van der Valk),

, et al., When are contracts a
f Purchasing and Supply Ma
exist despite other factors being present. In the extant literature,
necessary conditions are often implicit and more commonly re-
ferred to using alternative formulations, such as X being critical or
a pre-condition for Y. In the governance literature For example,
Lazzarini et al. (2004) point out that contracts are “crucial” for
cooperation (under low probability of continued exchange). Such a
claim can reasonably be interpreted as a necessary condition
statement: a contract must be present to have cooperation;
without a contract, there will be no cooperation.

Such examples of necessary condition statements are common
in the organizational sciences in general (Dul, 2016b; Dul et al.,
2010). To date however, necessary condition hypotheses could not
appropriately be tested because traditional data analysis ap-
proaches (e.g., correlation or regression analysis) are based on the
presumption that condition X is sufficient to increase outcome Y,
but not necessary because Y can also be increased by other con-
ditions. Recently however, an appropriate technique for analyzing
necessary condition hypotheses has become available in the form
of Necessary Condition Analysis (NCA) (Dul, 2016b). This article
nd trust necessary for innovation in buyer-supplier relationships?
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explores the applicability and usefulness of applying NCA to an
existing dataset of service outsourcing relationships.

In terms of content, this article explores the necessity of con-
tracts for supplied-led innovation in service outsourcing relation-
ships. Our main substantive research question is: are contracts
necessary for supplier-led innovation to occur in service out-
sourcing relationships? The focus is on supplier-led innovation, as
suppliers have become a critical source of innovative solutions,
ideas, and technologies (Roy et al., 2004; Van Echtelt et al., 2008),
not only to enhance the buyer's value proposition, but also for the
improvement and optimization of the internal processes or daily
operations that buyers increasingly outsource to suppliers. In-
novation thus refers to the supplier-initiated changes and im-
provements to contracted (outsourced) service activities, or to
activities involved in achieving a certain contracted service per-
formance that may or may not accompany daily service delivery.
This as opposed to innovation contracts (Beneito, 2006; Gilson
et al., 2009), where innovation is the sole performance outcome
contracted. Contracts are operationalized in terms of the level of
contractual detail, i.e., the extent to which obligations and beha-
viors (i.e., term specificity) and unanticipated contingencies, in-
cluding relevant guidelines for handling these contingencies (i.e.,
contingency adaptability), are delineated in the contract (Luo,
2002). Besides the necessity of contracts, the necessity of trust is
also investigated, as contracts are agreed and implemented within
a broader context, which involves social characteristics of the re-
lationship such as trust. Trust has been suggested (but not prop-
erly confirmed) to be necessary for performance outcomes such as
inter-firm collaboration and value creation (Lumineau and Mal-
hotra, 2011), but is trust also necessary for innovation? A distinc-
tion is made between goodwill trust, which is trust that a supplier
intends to fulfill its role in the collaboration, and competence trust,
which is trust in the supplier's ability to fulfill an agreed-upon
obligation (Das and Teng, 2001; Malhotra and Lumineau, 2011;
Sako, 1992).

Foremost, this article makes a methodological contribution by
introducing NCA as an additional logic and data analysis tool for a
more fine-grained understanding of purchasing and supply man-
agement phenomena. This more fine-grained understanding
stems from the fact that in the presence of unfulfilled necessary
conditions, increasing the values of sufficient conditions identified
using for example multiple regression will not increase the level of
the outcome, as this outcome cannot exist without fulfilling all
necessary conditions. In other words: necessary conditions have
strong managerial implications: managers will not attain the de-
sired level of the outcome unless they put in place all single
conditions (at the right level) that are necessary for the desired
level of the outcome to occur. As the study of necessity relation-
ships is not widespread in purchasing and supply research nor in
business research in general, this article suggests to use NCA and
explains how a Necessary Condition Analysis is done.

The remainder of this article is organized as follows. First, in
Section 2 (“Theoretical background”) a brief review of extant
(regression-based sufficiency thinking) literature on contracts
and trust in relation to performance in general and innovation in
particular is presented. Next, in Section 3 (“The logic of necessary
conditions”) necessity logic and how it compares to traditional
sufficiency logic is extensively discussed. Then in Section 4
(“Research methods”) the research design and data collection
approach are presented, followed by an explanation on how NCA
is applied to the dataset. Finally, the results are shown and dis-
cussed in Section 5 (“Results”) and Section 6 (“Discussion and
conclusion”).
Please cite this article as: van der Valk, W., et al., When are contracts a
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2. Theoretical background

Inter-firm governance is critical for the stability of buyer–sup-
plier relationships (Benton and Maloni, 2005; Carr and Pearson,
1999) and concerns the formal and informal rules of exchange,
actions and mechanisms governing the behavior of parties in an
inter-organizational collaboration (Vandaele et al., 2007), such as a
buyer-supplier relationship. In general, two governance strategies
have been studied: formal or contractual governance, and rela-
tional governance (Cao and Lumineau, 2015; Griffith and Myers,
2005).

Contractual governance refers to a buyer-supplier relationship
being managed by means of a formal and written contract which
explicitly stipulates the responsibilities and obligations of each
party (Cao and Lumineau, 2015; Ryall and Sampson, 2009). Most
commonly viewed from a Transaction Cost Theory perspective,
contracts act as safeguards against ex-post performance problems,
and reduce the risks that might result from opportunism on the
part of either or both parties (Luo, 2002). Contracts act as safe-
guards by prescribing each partner's appropriate behavior in ad-
dition to its role and obligations, and by providing guidance on the
allocation of outcomes, on how to act in the event of future con-
tingencies, and on penalties for violating the contractual agree-
ment (Poppo and Zenger, 2002; Wang et al., 2011).

At the same time, contracts by themselves may be inadequate
to prevent opportunism and promote cooperation. Consequently,
other mechanisms, such as relational governance, have been used
to complement contracts (Macaulay, 1963). The sociological in-
terpretation of relational governance, as advanced by Social Ex-
change Theory (SET), is that trust is essential for the stability of
social relationships (Cao and Lumineau, 2015) in which buyer-
supplier exchanges are usually embedded (Granovetter, 1985), as
trust derived from and the social interactions taking place within
such relationships are effective instruments for managing these
relationships. Existing literature identifies two types of trust:
goodwill trust and competence trust (Das and Teng, 1998; Mal-
hotra and Lumineau, 2011; Sako, 1992). Goodwill trust is the
trustor's confidence that the trustee intends to fulfill their role in
the collaboration, particularly trust that both parties will act fairly
when the possibility for opportunistic behavior is present (Das and
Teng, 2001; Lui and Ngo, 2004; Nooteboom, 1996). Competence
trust refers to the confidence of the trustor in the trustee's ability
to fulfill an agreed-upon obligation (Das and Teng, 2001; Lui and
Ngo, 2004; Nooteboom, 1996). Ability here concerns the trustee's
technical, cognitive, organizational, and communicative compe-
tences (Klein-Woolthuis et al., 2005).

Extant research on contracts and trust in relation to perfor-
mance has been mostly regression-based, i.e., identifying sufficient
causes of performance rather than necessary causes. The number
of studies suggesting necessity of contracts for certain outcomes
are limited. For example, although they do not focus on necessary
conditions, Lazzarini et al. (2004) suggest that contracts are ne-
cessary for cooperation, while Lumineau and Malhotra (2011) fo-
cus on value creation as a relevant performance outcome. Focusing
more specifically on innovation, the extant (regression-based) lit-
erature provides some evidence for contracts as a producer of in-
novation. Contracts may facilitate the acquisition of both the ex-
plicit and tacit knowledge that is usually involved in innovation (Li
et al., 2010). Detailed contracts can curb opportunistic behavior in
buyer-supplier relationships (Luo, 2002), and therefore facilitate
knowledge transfer and improve innovation performance. Fur-
thermore, the costs and risks associated with knowledge transfer
and innovation are reduced when a detailed contract underlies the
buyer-supplier relationship (Wang et al., 2011).

Although trust has been suggested to be necessary for perfor-
mance outcomes such as inter-firm collaboration and value
nd trust necessary for innovation in buyer-supplier relationships?
nagement (2016), http://dx.doi.org/10.1016/j.pursup.2016.06.005i

http://dx.doi.org/10.1016/j.pursup.2016.06.005
http://dx.doi.org/10.1016/j.pursup.2016.06.005
http://dx.doi.org/10.1016/j.pursup.2016.06.005


W. van der Valk et al. / Journal of Purchasing & Supply Management ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 3
creation (Lumineau and Malhotra, 2011), extant knowledge on
trust and innovation is again mostly regression-based. Goodwill
trust has specifically been found to lower transaction costs and to
curb opportunistic behavior in buyer-supplier relationships,
thereby making more energy and resources available for absorbing
and utilizing knowledge that can result in innovative outcomes
(Lane et al., 2001; Wang et al., 2011). When goodwill trust is
present, there is closer cooperation, more open information ex-
change, and a higher degree of commitment (Fryxell et al., 2002;
Lui and Ngo, 2004) and more informal interaction between parties
(Wang et al., 2011), which all facilitate the creation and sharing of
knowledge that may result in innovation. Competence trust re-
duces the need for repeated explanations of the obligations, which
results in less frequent but higher-quality communication and
therefore greater innovation (Nooteboom et al., 1997; Roy et al.,
2004). In the presence of competence trust, both parties are more
likely to listen to each other, and absorb and take action on the
information and knowledge received (Levin and Cross, 2004). In
contrast, a lack of competence trust lowers the chance of in-
novation (Roy et al., 2004).

Governance studies that have adopted innovation as the focal
performance outcome suggest that contracts and more strongly
trust are producers of innovation. Contracts and trust in relation to
innovation have to date not been viewed or analyzed in terms of
necessity. Therefore, NCA is applied to existing data on contracts,
trust and (supplier-led) innovation. The next section first elabo-
rates on the logic of necessity-thinking and contrast it with more
common sufficiency-thinking.
3. The logic of necessary conditions

Although the majority of business research focuses on factors
that produce certain outcomes, factors that enable outcomes (i.e.,
that are necessary for the outcome to occur) are equally important
for organizational decision makers. Such enabling factors are ne-
cessary conditions. A necessary condition is a condition that must
be present to enable a certain outcome; without the condition, the
outcome will be absent. For example, in the context of purchasing
and supply management, ISO14000 certification can be considered
a necessary condition for suppliers to be on their buyers' shortlists.
Buyers will not award business to suppliers that do not have such
a certification, and hence, suppliers will not be included in the
buyer's shortlist in the absence of ISO14000 certification. The
notion of necessary conditions implies causality, as removing the
antecedent will cause the outcome to disappear: a supplier that
currently is on the shortlist, but loses its certification, will be re-
moved from the buyer's future shortlists. Hence, a necessary
condition can be considered a bottleneck preventing a desired
outcome from occurring (Dul, 2016b). Consequently, necessary
condition statements also have very specific managerial implica-
tions: “put and keep in place necessary condition X (i.e., make sure
you have ISO14000 certification), or else you will fail (i.e., not be
able to participate in the bid)”.

Assertions implicitly reflecting necessity are quite common in
business research. For example, although they do not focus on
necessary conditions, Misangyi and Acharya (2014) suggest that in
an intra-firm setting, the substitution view of monitoring and CEO
incentive mechanisms implies that only one of the two “need to be
present” for effective governance, while the complementarity view
implies that both types of mechanisms need to be present. Ne-
cessary conditions have however rarely been appropriately tested
(Van der Valk and Wynstra (2012) and Goertz et al. (2013) being
exceptions in operations management and political science re-
spectively), as such a test requires a specific analytical technique
which has only recently become available in the form of Necessary
Please cite this article as: van der Valk, W., et al., When are contracts a
A Necessary Condition Analysis. Journal of Purchasing and Supply Ma
Condition Analysis (NCA) (Dul, 2016b). NCA is a data-analytic tool
that can be used alongside traditional data-analytic tools (i.e.,
correlation or regression analysis) to better understand the rela-
tions between variables (i.e., identify necessary rather than suffi-
cient conditions in datasets).

The philosophy of necessary conditions can be applied to dif-
ferent kinds of variables, and to single and multiple antecedents.
Regarding the first, the NCA can be applied to variables that are
dichotomous (i.e., being ISO14000 certified or not), but also to
variables that have multiple discrete levels or are continuous in
nature (Dul, 2016b). For example, suppliers will likely require at
least a certain level of technological knowledge to achieve at least
a certain ranking on the shortlist. Not meeting this technological
knowledge threshold implies a lower ranking than would have
been possible had the supplier possessed the required level of
technological knowledge.

Regarding the second, the concept of necessary conditions can
be applied to single antecedents (bivariate approach), or multiple
antecedents (multivariate approach). In the multivariate approach,
all necessary conditions need to be put in place to prevent failure.
A lower (than required) value for one necessary condition cannot
be compensated for by a higher value of another causal factor. In
order to achieve the desired outcome, managers should work on
each separate condition that does not meet its threshold level
regardless of the levels of any other (necessary or sufficient)
conditions.

Necessary causality thus differs in kind from the more common
notion of sufficient causality. The common notion of (additive)
sufficiency causality is that the antecedent produces (i.e., is suffi-
cient, but not necessary, for increasing) the outcome. Conse-
quently, necessity and sufficiency should be considered distinct
but complementary elements of causality (Dul, 2016b), each re-
quiring specific analytical approaches (i.e., the NCA technique for
necessary conditions versus regression or correlation for sufficient
conditions). Below the NCA technique and how it compares to
more traditional techniques is discussed in more detail.

3.1. The NCA technique

In the simple, dichotomous situation (Dul, 2016b), identifying a
necessary condition (i.e., X is necessary for Y) requires in-
vestigating in an XY-scatterplot whether the intersection X¼0,
Y¼1 has no data points. If this intersection has data points, the
condition X is not necessary for Y. In a more common situation, the
variables have more than two levels and a scatter plot with an
empty space in the upper left corner suggests the presence of a
necessary condition. The upper-left part of a scatterplot is sepa-
rated from the lower-right part by a so-called ceiling line (Goertz
et al., 2013), a line between the area with and without data points.
The ceiling line indicates the levels of the condition that are ne-
cessary for given levels of the outcome.

To draw ceiling lines, various techniques are available. These
techniques assume non-decreasing (piecewise) linear ceilings that
maximize the ceiling zone (i.e., the area above the ceiling line)
with few or no observations in the empty space. Techniques that
leave the ceiling zone completely empty are considered 100% ac-
curate, while the accuracy of techniques that allow some points
(i.e., outliers) above the ceiling line is below 100%. Drawing the
best ceiling line hence requires trading off the size of the ceiling
zone with the number of exceptions: the larger (smaller) the
ceiling zone, the more (fewer) observations in the ceiling zone,
and hence the lower (higher) the accuracy. The ceiling line and
several parameters including accuracy can be calculated using the
NCA software (Dul, 2016a).

The necessary condition can be evaluated in terms of the effect
size, i.e., the constraint that the ceiling poses on the outcome. Dul
nd trust necessary for innovation in buyer-supplier relationships?
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(2016b) expresses the effect size (d) as the size of the ceiling zone
relative to the total space in which observations can be theoreti-
cally expected or empirically observed (i.e., the theoretical or
empirical “scope”). The larger the ceiling zone, the stronger the
effect. Like others (e.g., Goertz et al., 2013; Karwowski et al., 2016),
the empirical scope was selected as the reference for calculating
effect sizes, for two reasons. First, it is unlikely that constructs will
attain minimum scores, especially if they are measured using
many items. In such cases, opting for the theoretical scope would
lead to a substantial overestimation of the effect size. Second,
Goertz et al. (2013) indicate that the empirical scope is more often
selected for scope decisions. In line with Dul (2016b), effect size
was evaluated as follows: 0odo0.1 a “small effect”,1 0.1rdo0.3
a “medium effect”, 0.3rdo0.5 a “large effect”, and dZ0.5 a “very
large effect”.

3.2. Necessity thinking and NCA versus sufficiency thinking and
regression

This section compares necessity thinking and NCA with suffi-
ciency thinking and regression as to better understand their si-
milarities and – more importantly – their differences. First, in both
approaches, there is presumed causality, i.e. that X precedes and is
related to Y. Managerial implications for each of the two types of
thinking are however substantively different: while identification
of a sufficient cause suggests that managers should invest in this
cause as to (on average, thus not in all situations) increase the
outcome, identification of a necessary cause requires managers to
ensure a minimally required level for that cause or else the out-
come will not occur (in any situation). It is not possible to com-
pensate for not meeting identified necessary conditions: in a si-
tuation where X and Y are each individually necessary for Z, the
absence (or in the discrete situation: a lower level) of X cannot be
compensated by having more of Y or by the presence of other
(necessary or sufficient) factors.

Second, both approaches have in common that the validity of
any causality inferred predicates on the adequacy of theory,
quality of sampling and quality of measurement. Results may be
flawed when these requirements are not met.

Third, in contrast to a sufficiency analysis that aims to predict
outcomes using (many) variables simultaneously, a necessity
analysis can be done for each variable separately or for one vari-
able only. The reason is that the necessary condition operates in
isolation from the rest of the causal structure (which is exactly the
reason why the condition is necessary). Consequently, the effect
size and other characteristics of the necessary condition are not
influenced by the presence or absence of other variables in the
empirical model. Therefore, necessity analyses can be performed
with “incomplete” models, whereas sufficiency analyses must be
performed with models that are as complete as possible (including
control variables).
4. Research methods

4.1. Research design and data collection

NCA may be well applied to investigate possible new insights in
the role of contracts and trust for innovation in buyer-supplier
relationships by exploring which levels of contractual detail,
goodwill trust and competence trust are necessary for certain
1 Note that small effect sizes may be highly meaningful as they still imply that
in the specific context of the research a particular condition must be put in place for
the desired outcome to occur.

Please cite this article as: van der Valk, W., et al., When are contracts a
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desired levels of innovation. The data for this exploratory research
originated from a 2013 survey of service outsourcing relationships,
as such buyer-supplier relationships are well known for the use of
both formal and relational governance mechanisms (Aghion and
Holden, 2011). A questionnaire study is appropriate when the
study objective is exploration, as it benefits from a reasonable
number of observations, which can efficiently be collected using a
questionnaire (Åhlström and Westbrook, 1999). Given the ex-
ploratory nature, this article does not state or test formal hy-
potheses, but explores presumed relationships.

Data collection took place in the maintenance sector as asset
owners increasingly outsource maintenance activities to specialist
suppliers, who are then also expected (but not contractually ob-
ligated) to undertake innovative activities as part of daily opera-
tions. In the context of maintenance, innovation may concern
minor changes that lead to a more efficient or more effective
maintenance process (e.g., a performance dashboard which diag-
noses specific problems in advance of the supplier's site visit, or
using more durable spare parts).

Data were collected from 430 asset owner (i.e., buyer) members
of the Dutch association for maintenance services using a self-
administered online questionnaire.2 The association's board was
contacted to obtain its approval and support, and subsequently the
research was presented as a joint effort between researcher and
association, with the goal of maximizing the number of returned
questionnaires. All members received the questionnaire and an
enclosed introductory letter explaining the intent of the study,
assuring anonymity, and indicating the preferred informant. In-
formants were subsequently asked to complete the questionnaire
for either a fixed-price contract, a cost-plus contract, or a perfor-
mance-based contract, depending on which contract type they
were most familiar with. Incorporating multiple types of com-
monly used contracts ensures variation in the key variables: e.g.,
contractual detail will be lower for a performance-based contract
than for a cost-plus contract.

After three reminders, and a round of telephone calls to iden-
tify members that had not responded, 75 questionnaires were
received (17.4% overall response rate), of which 27 were discarded
due to excessive missing information. The analyses are thus based
on a limited set of 48 usable responses. While this small number is
considered acceptable for an exploratory investigation aiming to
illustrate the application of a new methodology, there are some
important limitations, which will be dealt with in our limitations
section.

Of the responding firms, 19 are active in the process industry, 11
in the real-estate sector, 8 in food, beverage, and pharmaceuticals,
5 in infrastructure, 4 in manufacturing, and 1 in the fleet sector.
Maintenance manager, contract manager, advisor, and general
manager were the most common roles of respondents. Around
55% of the organizations have more than 250 employees, and the
average revenue is around €2192 million. On average, the re-
spondents have 13 years of experience in managing relationships
with external suppliers and they managed, on average, 19 con-
tracts in 2012. These last figures suggest high levels of competence
for the respondents, and hence that responses should be of suffi-
cient quality.

As respondents were anonymous, all were called to identify any
non-respondents for assessing respondent bias. Non-respondents
were found to be reluctant to answer even a limited number of
questions because of a lack of time. Therefore potential respondent
bias was assessed by conducting a wave analysis (Armstrong and
2 The data for this article originates from a larger dataset on 106 buyer-supplier
relationships, containing non-dyadic data obtained from buyers and suppliers of
maintenance services. The current analysis draws on the set of buyer responses
only, as the buyer is seeking innovation during the contract execution stage.
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Table 1
Data set with all observations.

Relationship Innovation Contractual
detail

Goodwill
trust

Competence
trust

1 3.57 3.24 2.71 4.00
2 3.57 2.71 2.43a 3.00a

3 1.29 2.29 4.00 4.00
4 2.14 4.14 3.71 4.00
5 1.00a 2.43 3.29 3.50
6 3.43 1.86a 3.86 4.50
7 2.71 4.00 4.43 4.50
8 5.00b 5.43 5.00b 5.00b

9 4.14 3.71 5.00b 5.00b

10 3.00 2.29 4.00 3.50
11 3.00 2.57 4.57 4.50
12 1.29 3.57 3.57 4.00
13 3.00 4.00 4.00 5.00b

14 3.71 3.00 3.43 4.00
15 2.43 2.29 3.57 4.50
16 3.71 3.43 4.14 4.00
17 2.43 2.29 3.57 3.50
18 3.29 5.71b 4.43 4.50
19 2.29 5.57 3.00 3.50
20 1.57 3.57 4.14 5.00b

21 3.57 3.86 4.71 5.00b

22 3.57 5.00 4.43 5.00b

23 2.57 5.43 4.43 4.00
24 2.00 1.86a 3.43 4.00
25 2.71 4.71 3.57 3.50
26 3.00 3.71 3.29 3.00a

27 1.14 2.71 3.86 3.50
28 3.71 3.29 4.00 5.00b

29 3.57 3.43 3.14 4.00
30 3.43 3.71 3.86 3.50
31 3.14 2.71 4.07 4.00
32 3.14 3.71 3.86 3.50
33 2.57 3.14 3.86 4.00
34 2.57 3.00 3.00 4.00
35 3.14 3.14 4.29 4.50
36 1.43 2.14 2.57 3.00a

37 3.29 3.71 4.71 4.50
38 1.57 2.00 2.86 4.00
39 2.86 2.57 3.86 4.00
40 3.29 3.57 3.71 3.00a

41 2.00 2.71 2.43a 3.00a

42 4.00 4.00 4.57 5.00b

43 3.14 5.29 4.43 4.00
44 3.86 4.29 3.71 4.00
45 5.00† 4.86 4.95 5.00b

46 2.57 3.14 3.71 4.00
47 3.43 5.00 4.29 4.50
48 2.57 3.29 4.57 5.00b

a Empirical minimum.
b Empirical maximum.

Table 2
Descriptive statistics of the variable scores.

Innovation Contractual
detail

Goodwill
trust

Competence
trust

Scale
minimum

1 1 1 1

Empirical
minimum

1 1.86 2.43 3

Scale
maximum

5 7 5 5
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Overton, 1977). The final sample includes 33.3% of the responses in
the first wave and 66.7% in the second wave after the first re-
minder. The main variables were compared, as well as various
descriptive characteristics such as the sector the respondent is
active in, the respondent's function, the number of employees of
the respondent's organization, the respondent's experience, and
the number of contracts managed by the respondent in 2012. No
substantial differences were found between early and late re-
spondents. The descriptive characteristics were also investigated
for a small group of respondents (36%) that provided only very few
answers, assuming that these could be representative of non-re-
spondents. Again, no substantial differences between this group of
respondents and the respondents in the dataset. These findings,
combined with the fact that non-respondents indicated lack of
time as the main reason for non-participation, suggest that non-
response bias is not a serious threat.

4.2. Questionnaire and measures

A questionnaire was used for measuring the variables. The
variables were operationalized using both reflective and formative
multiple-item measures that are perceptual in nature. Existing
scales are used as much as possible, but minor modifications were
made when appropriate given the research objectives and context
(Appendix A shows the measurement of the key variables). Mea-
surement took place using a mix of five- and seven-point Likert
scales to reduce the threat of pattern responses (Dillman et al.,
2009).

The questionnaire was then refined in several stages following
standard scale and questionnaire development techniques. First, a
limited number of respondents—from firms not included in the
main analysis, and subsequently management researchers—were
interviewed and asked to pre-test the questionnaire to identify any
ambiguities and to verify whether the wording was appropriate
for business practitioners. Minor changes to the wording were
made based on the feedback received. Second, a pilot study was
conducted with purchasing managers from various industries to
evaluate the study's feasibility, the time taken to complete the
questionnaire, and any adverse events, as well as to evaluate and
validate measurement items.

The measures are elaborated hereafter; the complete dataset
and the descriptive statistics of the variable scores are shown in
Tables 1 and 2, respectively.

Innovation items were derived from the incremental3 innova-
tion scale used by Verbeeten (2014), who adapted Jansen et al.'s
(2006) scale of exploitative innovation to study the use of per-
formance-based contracts in the maintenance sector (Verbeeten,
2014). The seven items focus on the extent to which the main-
tenance provider continuously improves the maintenance process,
and the provider's ability to increase asset utilization. The scale
values are the averages of the item values. The empirical minimum
(1) and maximum (5) (i.e., the observed minimum and maximum
for innovation) equal the scale minimum and maximum (Table 2).

A formative seven-item, seven-point Likert scale captures the
two dimensions of contractual detail: term specificity and con-
tingency adaptability. Based on existing items (Argyres et al., 2007;
Mayer, 2006; Ryall and Sampson, 2009) contractual detail were
captured by items that, for example, evaluate whether the contract
states how the supplier should develop certain technologies and
whether the supplier has the freedom to adapt to unforeseen
circumstances in the way they think best. The scale value is the
Empirical
maximum

5 5.71 5 5

Mean 2.90 3.50 3.85 4.10
SD 0.92 1.05 0.66 0.63

3 Given the nature of the maintenance sector and the sorts of innovations that
can reasonably be pursued in this sector, it is appropriate to focus on incremental
innovation.
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Table 3
Results of necessary-condition analyses.

Construct Method Accuracy Ceiling
zone

Scope Effect size
(d)

Contractual detail CE 100% 3.661 15.438 0.24a

CR 96% 2.900 15.438 0.19a

Goodwill trust CE 100% 3.165 10.292 0.31b

CR 92% 2.630 10.292 0.26a

Competence trust CE 100% 2.576 8.005 0.32b

CR 94% 1.718 8.005 0.22a

a 0.1rdo0.3: “medium effect”.
b 0.3rdo0.5: “large effect”.
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average of the item values and ranges from 1 to 7. The observed
scores vary from 1.86 (empirical minimum) to 5.71 (empirical
maximum).

For goodwill trust an existing seven-item, five-point Likert
scale based on the work of Aulakh et al. (1996) and Green (2003)
was used. It measures whether or not the parties intend to fulfill
their role in the collaboration (e.g., will not withhold information
needed to perform well and will not exploit temporary weak-
nesses of the other to their own advantage). The scale value is the
average of the item values and ranges from 1 to 5. The observed
scores range from 2.43 to 5.

Competence trust was measured using a two item, five-point
Likert scale, which measures whether the parties trust that both
have the right resources and whether they acknowledge each
other's reputation and abilities (Lui and Ngo, 2004). The scale
value is the average of the item values and ranges from 1 to 5. The
observed scores vary between 3 and 5.

Expectation maximization was used to replace a small number
of missing values (Tsikriktsis, 2005). Since the reflective measures
were previously established and validated, reliability of the re-
flective measures was done by calculating only the Cronbach's
alpha for the various scales (0.919 for innovation; 0.878 for
goodwill trust and 0.693 for competence trust). The formative
construct (i.e., contractual detail) was validated following guide-
lines as put forward by Diamantopoulos and Winklhofer (2001)
and Petter et al. (2007). Subsequently, NCAwas applied to the data
listed in Table 1 to draw different ceiling lines and the NCA soft-
ware (version 1.1) was used to calculate several associated para-
meters, as explained in the next section.
5. Results

Fig. 1 shows the scatterplot for contractual detail versus in-
novation. This scatterplot contains an empty space in the upper
left corner above the space with observations, suggesting the
possible presence of a necessary condition. Two ceiling lines are
drawn (Dul, 2016b). First, use of the ceiling envelopment techni-
que (CE-FDH, hereafter CE) results in a non-decreasing step
function through the upper-left data points, enveloping all of the
data below the line (see Fig. 1, which serves as an example). CE
assumes a non-decreasing (piecewise) linear ceiling that max-
imizes the ceiling zone (i.e., the area above the ceiling line) with
Fig. 1. Scatterplot for Contractual Detail and Innovation (CR (straight ceiling line):
y¼2.213þ0.545x).
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no observations in the empty space. As the ceiling zone is left
completely empty, CE is 100% accurate (recall from Section 3.1 that
a higher accuracy usually results in smaller ceiling zones).

Subsequently, the NCA software (Dul, 2016a) was used to cal-
culate the associated ceiling parameters accuracy, ceiling zone,
scope, and effect size (d) (Table 3). Second, a smoothing technique
applied to the CE line (Dul, 2016b) (CR-FDH, hereafter CR) is used
as the ceiling line. CR is a non-decreasing linear function (i.e., the
straight ceiling line in Fig. 1) that can be used for additional cal-
culations. The ceiling zone associated with the CR line contains
some data points (see Fig. 1; i.e., 6 and 45) and is hence not 100%
accurate.

As Table 3 illustrates, the results obtained through CR and the
results obtained through CE are similar, and for simplicity we
discuss the CR results only. For contractual detail versus innova-
tion, the total space in which observations can be empirically
observed (i.e., scope) is 15.438. The CR technique results in a
ceiling zone of 2.900, and the associated effect size (i.e., the ceiling
zone divided by the scope) is 2.900/15.438E0.19. Based on the
guidelines of Dul (2016b) for the magnitude of an effect size
(0odo0.1 “small effect”, 0.1rdo0.3 “medium effect”,
0.3rdo0.5 “large effect”, and dZ0.5 “very large effect), this is a
medium effect size.

A similar approach was adopted for the other two conditions
and again Table 3 is used to describe the results. Regarding
goodwill trust being necessary for innovation (Fig. 2a), a medium
effect size of 0.26 is found. For competence trust versus innovation
(Fig. 2b), again a medium effect size of 0.22 is found.

5.1. Combined effects of contract and trust

When the variables are considered to be continuous in nature,
the CR ceiling technique can add more detail to the analysis by
considering the levels of the variables in combination and iden-
tifying the required levels of each of the three conditions given the
level of innovation. For this discussion, the set of observations is
divided into three groups with respect to the distribution of the
empirical innovation data.

“Low innovation” is the level of innovation that can be achieved
by about half of the relationships. Innovation level 3 is selected for
this threshold, which is the observed integer that is the closest to
the 50th percentile. More precisely, low level of innovation level
corresponds to an innovation level 0–52% of the range between
the lowest and highest observed level of innovation4 (scale score
r3). Furthermore “high innovation” is the level of innovation than
4 Note that the lowest level of innovation (i.e., 1.00) corresponds to 0% of the
range between the lowest and the highest observed levels of innovation (5.00), and
that the highest level of innovation corresponds to 100% of the range between the
lowest and the highest observed levels. Similarly an innovation level of 3 is midway
between the observed lowest and highest levels of innovation and hence corres-
ponds to 50% of the range.

nd trust necessary for innovation in buyer-supplier relationships?
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Fig. 2. A: Scatterplot for Goodwill Trust and Innovation (CR: y¼2.231þ0.471x). B: Scatterplot for Competence Trust and Innovation (CR: y¼1.282þ0.716x). A-1: Stylized
scatterplot for Goodwill Trust and Innovation.
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can be achieved by about 10% of the observations with the highest
levels of innovation (most successful relationships). Innovation
level 4 was selected as the threshold because this integer is the
closest to the 10th percentile (6%). More precisely, high level of
innovation range corresponds to an innovation level of 79–100% of
the range between the observed lowest and highest level of in-
novation (scale score 44). Finally, we consider the innovation
levels of the remaining forty-two percent data points (3o scale
score r4) to be the medium innovation range.

Table 4 is a “bottleneck table” (Dul, 2016b), which specifies the
threshold levels of the three necessary conditions that are sepa-
rately necessary for reaching a certain desired level of innovation.
These threshold levels are also expressed as percentages of the
condition's range between the lowest and highest observed values
in the dataset, and are obtained using the CR ceiling line functions
displayed in Figs. 1, 2a and 2b. Table 4 shows for low levels of
innovation (up to 52%) none of the conditions are necessary.
Consequently, if this finding can be generalized, organizations
pursuing a medium innovation level in their service outsourcing
relationships will not have to put any of the conditions in place
unless their desired levels of innovation exceed 60%. Then, as Ta-
ble 4 indicates, they need at least 8.4% of contractual detail and at
least 2.3% of goodwill trust. Finally, organizations that aim for high
innovation (79% or higher) need low to high levels of contractual
Please cite this article as: van der Valk, W., et al., When are contracts a
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detail (17.9–84.6%), low to high levels of goodwill trust (18.8–
84.9%), and low to high levels of competence trust (12.1–96.0%).

To illustrate: Fig. 2a-1, which is a stylized version of Fig. 2a,
indicates that an innovation level of 4.29 requires a level of
goodwill trust of at least 4.37. If it is lower, an innovation level of
4.29 cannot be achieved. However, a value of 4.37 does not guar-
antee that an innovation of 4.29 will be achieved: data points 23
and 43 for example have levels of goodwill trust of 4.43, but in-
novation levels of 2.57 and 3.14 respectively. When considering
the levels of the other conditions, for both relationships compe-
tence trust does not meet its threshold level of 4.20 (see Fig. 2b,
which shows competence trust scores of 4.00 for both relation-
ships 23 and 43). Thus, if the managers of the organizations in-
volved in these relationships aim for an innovation level of 4.29,
they should try to increase their level of competence trust. This
can be done for example by choosing a supplier with better pro-
blem-solving behavior than the current supplier (i.e., improving
the supplier's qualities) or by enhanced internal communication
about the supplier's problem-solving (i.e., improving the percep-
tions of the supplier's qualities). Key however is that it would be
ineffective to raise the level of any (necessary or sufficient) cause
in the presence of bottlenecks: rather, managers should first raise
the level of the bottleneck condition to the threshold required for a
certain desired (level of the) outcome, and only thereafter focus on
nd trust necessary for innovation in buyer-supplier relationships?
nagement (2016), http://dx.doi.org/10.1016/j.pursup.2016.06.005i
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Table 4
Bottleneck Levels (in %) using CR (NN¼not necessary).
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increasing the level of known sufficient causes.
In contrast to situations in which the threshold level of a cer-

tain condition is not met, situations can exist in which the actual
level of a condition exceeds the threshold level, something which
Dul (2016b) refers to as condition inefficiency. For example, Re-
lationship 48 is associated with a level of goodwill trust of 4.57
and a level of competence trust of 5; both exceed their thresholds
for an innovation level of 4.29. The organizations in this relation-
ship are thus dealing with condition inefficiency for goodwill trust
and for competence trust. Relationship 48 currently only has an
innovation level of 2.57, and further investigation shows that the
current level of contractual detail (3.29) is below the level required
(3.81) to enable an innovation level of 4.29. The managers of the
organizations involved therefore need to shift attention from trust
to contractual detail. In general, managers who are confronted
with condition inefficiency could redirect their attention to in-
vesting in the bottleneck conditions, perhaps even at the expense
(to some extent) of the condition displaying inefficiency. As such,
the analysis provides valuable insight into the extent to which
organizations make efficient use of their resources.
Please cite this article as: van der Valk, W., et al., When are contracts a
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6. Discussion and conclusion

6.1. Contribution and implications

This research has two theoretical implications. First, the Ne-
cessary Condition Analysis reveals that, in this dataset, contractual
detail, goodwill trust, and competence trust are all necessary for
medium to high levels of innovation. More specifically, the results
show that different innovation outcomes require organizations to
achieve in their relationships different threshold levels of con-
tractual detail, goodwill trust, and competence trust (Table 4). If
any of these thresholds is not met, the innovation outcomes
achieved will be lower, even if the other thresholds are met or
even exceeded. As such, applying NCA to an existing dataset pro-
vides a new understanding of the combined roles of contracts and
trust as it demonstrates that both conditions are necessary (at
different levels) for achieving (different levels of) innovation. This
insight advances the body of knowledge that views contracts and
trust as factors that on average (but not always) increase innova-
tion. The results may also shed additional light on the issue of
diminishing returns from investing in contracts and trust. While
Wang et al. (2011) and Bidault and Castello (2010) argue that too
much detail or too much trust is not conducive for innovation, the
results suggest that meeting the threshold levels is necessary for
nd trust necessary for innovation in buyer-supplier relationships?
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obtaining high returns, while anything beyond the threshold
would be a matter of condition inefficiency. As such, the findings
seem to suggest that the diminishing returns identified in prior
studies may very well be caused by other (possibly omitted) fac-
tors that negatively affect innovation.

The second theoretical implication is that for medium and high
levels of innovation, contracts and trust act as complements rather
than substitutes since these innovation levels require the presence
of both conditions. This adds to the existing but mixed research on
the combined effect of trust and contracts on relational outcomes:
while some researchers view contracts and trust as substitutes
(i.e., trust or contracts produce the desired outcome) (Dyer and
Singh, 1998; Gulati et al., 2005), others consider contracts and
trust to be complements (i.e., trust and contracts jointly produce
the desired outcome) (Poppo and Zenger, 2002). The current
findings suggest that contracts and trust jointly allow for the out-
come, which constitutes a somewhat alternative interpretation of
complementarity. Low innovation levels do not require the pre-
sence of any of the conditions. Apparently, complementarity oc-
curs only in a specific domain; i.e., the “medium to high perfor-
mance” domain. As such, the current findings contribute to our
understanding of the conditions under which contracts and trust
act as substitutes or complements (as researched by e.g., Klein-
Woolthuis et al. (2005), Lui and Ngo (2004), and Lumineau and
Henderson (2012)).

From a managerial perspective, there are two key insights. First,
this article provides insight into which conditions need to be met
when seeking supplier-led innovation in service outsourcing re-
lationships, as well as in the required levels of these conditions.
Second, this article provides insights into the extent to which or-
ganizations make efficient use of their resources. In case of lower
than desired innovation performance, this article directs man-
agerial attention to those conditions that actually should be put in
place or strengthened in order to achieve the desired, higher level
of innovation. In contrast, organization that have over-invested in
certain conditions, may redirect their efforts to more important
matters, which are the bottlenecks, i.e., the conditions that are
below the necessary threshold levels for achieving the desired
outcome.

All these new theoretical and practical insights are obtained
because a novel approach and data analysis method (NCA) is used
that is based on necessity-thinking. A theoretical necessity model
is parsimonious, because such a model only includes the variables
of direct interest (no control variables are needed). The application
of NCA for testing such a model is straightforward. The necessity of
individual conditions for an outcome are evaluated with separate
binary analyses (as shown with the scatter plots), and these ana-
lyses can be easily combined into a bottleneck table. With the NCA
approach, the findings are new because existing knowledge in
purchasing and supply management in general, and on the topic of
this article in particular is solely based on sufficiency-based re-
search. Even authors that seem to allude to necessity thinking (in
the context of this research, Lazzarini et al., 2004; Malhotra and
Lumineau, 2011 for example discuss “crucial” factors) eventually
conduct and present results of sufficiency-based studies. This ex-
isting large body of knowledge can be enriched by adding the
necessity logic presented here.

6.2. Limitations and future research

Like any study, this study suffers from certain limitations. First,
the sample has limitations with regard to scope and size. Re-
garding scope, the sample has been drawn from a specific industry
and country, i.e., the Dutch maintenance industry. Regarding size,
the number of cases in the sample from this industry is relatively
small. For statistical inference from a limited sample to the specific
Please cite this article as: van der Valk, W., et al., When are contracts a
A Necessary Condition Analysis. Journal of Purchasing and Supply Ma
population from which the sample was obtained (in this case the
Dutch maintenance sector) a larger N from that population is
desirable, while generalization beyond the specific population
requires replication studies. Therefore, the substantive findings in
this article provide only first indications: wider generalizations
cannot be claimed. However, the sample is primarily used to il-
lustrate how NCA may lead to new insights in an important area in
the domain of purchasing and supply management. Also here,
replications using different samples (i.e., other countries and/or
other industries) are needed, as such different samples may result
in different ceiling lines just like different samples may result in
different regression lines. Similar results in new studies would
enhance the confidence in the necessary conditions that were
found, and would enable further demarcation of the domain in
which the conditions apply. It would also help to understand how
robust these conditions are because, for example, high levels of
contractual detail may be less important in cultures that place a
stronger emphasis on relationships.

Second, NCA has several limitations. NCA shares some limita-
tions with other data analysis techniques such as regression. NCA
(like other data analysis techniques) presumes that the variable
scores are valid and reliable. The results of the NCA analysis may
be flawed when there is measurement error. For making causal
inference from observational studies like the one presented here,
NCA (like other data analysis techniques) relies on solid theory
that makes (necessary) causality between the main concepts
plausible. Without experiments, caution is needed when drawing
causal conclusions. An important limitation of NCA (which it does
not share with other data analysis techniques) is that it is a new
technique. NCA has not yet addressed all issues regarding statis-
tical inference and causal inference. For example, whereas the
regression technique is more than 100 years old, the research on
the statistical properties of estimated ceiling lines (such as bia-
sedness, efficiency, consistency) and estimation of confidence in-
tervals has just been started. Regarding NCA as a tool, details of the
specific techniques for drawing ceiling lines and for calculating
necessity effect sizes may still develop when new insights become
available, and when more studies use the method (for an overview
of current studies with NCA and discussions about developments
of the NCA tool, see www.erim.nl/nca). Although the NCA techni-
que needs to be further explored and developed, the logic of NCA is
well-developed and provides a fundamentally different view on
causality, one which complements traditional thinking and which
can provide new theoretical and practical insights.

There are various opportunities for future substantive research.
Regarding this specific research context, the concepts studied
could be expanded to include other factors that could be necessary
for innovation. Examples include additional features of contracts
such as contract duration (Panesar and Markeset, 2008), reward
schemes (Shepherd and DeTienne, 2005), and creativity (Abbey
and Dickson, 1983; Amabile, 1998). Furthermore, the temporal
order of the necessary conditions could be investigated (Hak et al.,
2013). Some authors argue that trust generally precedes contracts
(e.g., Klein-Woolthuis et al., 2005) and that relational dynamics
during previous transactions shape the contracts for future
transactions (Faems et al., 2008). More precisely, it could be ar-
gued that specifically competence trust precedes contracts, as
buyers would need to have confidence in a supplier's competences
if they are to embark on a contract with them. In contrast, good-
will trust is more likely to emerge during a series of transactions/
the course of a relationship. One could thus for example in-
vestigate whether a certain level of competence trust is necessary
for a certain level of contractual detail.

More generally, the logic of NCA can be deployed to investigate
necessity relationships in other areas in the field of purchasing and
supply management, such as to enhance our understanding of the
nd trust necessary for innovation in buyer-supplier relationships?
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development of purchasing maturity or implementation of sus-
tainable purchasing practices in organizations, what contracting
capabilities are required for purchasing performance, or the pre-
requisites for successful partnerships, to give a few examples.

NCA can discover and express conditions in terms of necessity
for attaining certain outcomes, and is a useful addition to current
research toolkits. Substantively, studying necessity advances a
fundamentally different understanding of the relationship be-
tween causal factors and outcomes: the causal factor is necessary
for the outcome to occur; conversely, if the condition is not in
place at the right level the outcome will not occur. From a man-
agerial point of view, managers that focus (also) on necessary
conditions may be more efficient and more effective than man-
agers that focus their attention just on a wide range of factors that
only partially explain outcomes. With knowledge about necessary
conditions, managers can better focus their efforts, and will be
more effective in reaching performance outcomes.
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Appendix A. : Measurement
Innovation (α¼0.919)
To what extent do you agree with the statements below regarding the activities carried out by the partner within this maintenance contract?
1. The supplier continuously improves the maintenance processes
2. The partner often refines the delivery of existing products and services
3. The partner regularly implements small adjustments to existing products and services
4. The partner improves the efficiency of the products and services that are delivered
5. The partner contributes to a higher degree of usage and effectiveness of the asset
6. The partner improves scope management
7. The partner achieves a higher productivity from the mechanics

Contractual detail (formative construct)
To what extent are the following specifications outlined in this maintenance contract:
1. Timeframe for completion of each stage is specified
2. Number of employees contributed by the supplier
3. The specific persons to be assigned the management and monitoring tasks by the supplier
4. The resources the supplier should use
5. How the supplier should develop certain technologies/resources
6. How the supplier should carry out their duties and activities
7. The freedom to adapt to unforeseen circumstances in the way the supplier thinks best

Goodwill trust (α¼0.878)
To what extent do you agree with the following statements regarding the degree of trust between your company and the supplier’s:
1. Our relationship with this supplier is characterized by high levels of trust
2. The parties generally trust that each will stay within the terms of the contract
3. The parties are generally skeptical of the information provided to each other [R]
4. The parties will do whatever is necessary to ensure the success of the alliance even if it involves tasks to which they had not agreed
previously

5. The parties will not withhold any information that each party needs to perform well
6. The parties will not exploit to their advantage any temporary weakness of the other partycollaboration
7. The parties will work hard to help each other solve a problem if it is a problem that may influence the success of the collaboration

Competence trust (α¼0.693)
To what extent do you agree with the following statements regarding the degree of trust between your company and the supplier’s:
1. The parties generally trust that both have the right resources (such as capital and labor)
2. The parties acknowledge each other's reputation and abilities
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